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FOREWORD 


In the economics of animal production the cost of foodstuffs is an item 
of the greatest importance, and the keynote to efficiency is the proper 
utilisation of the nutrients they contain. To ensure this it is essential 
to understand clearly the principles of animal nutrition. Modern 
advances in biochemistry and physiology have added much to our 
knowledge of the plant that is the source of nutrients, and also of the 
animal that consumes these nutrients. 

This book is the outcome of the experience of three members of the 
staff of the Edinburgh School of Agriculture in the teaching of animal 
nutrition and in dealing with the problems of feeding livestock that 
arise in the agricultural industry. 

The first section covers the constituents of the foodstuffs and shows 
the great increase in our knowledge of these that has been made possible 
by modem techniques. The rough grouping of the constituents that 
sufficed for the earlier workers in animal nutrition has given way to 
a detailed study of the various chemical entities that make up each group 
and has led to a better understanding of its function in the nutrition of 
the animal. 


The digestion and metabolism of the constituents follow, and here 
again it is evident that much more is known of these processes. This 
information has allowed of a fuller evaluation of the foodstuffs, and 
with it an increased appreciation of their true value and of the use made 
of them by the vital processes of the animal. 

With this background it is possible to formulate feeding standards. 
To this end the Agricultural Research Council of Great Britain has 
recently set up working parties, and their recommendations wll bring 
up to date the accumulated knowledge and should be of immense value. 

The final section gives an account of the various groups of foodstuffs 
available and their characteristics. It is, however, not possible within 
the compass of such a book to deal with them as exhaustively as has 
been the case in earlier books on animal nutrition, nor in point of fact 
is it necessary to do so. 

Whilst this book is designed in the first instance for the student 
aiming at the degree in agriculture it should prove of great value to all 
students, and will be of value also to the farmer, even though he may 
not require all the detail essential to a proper understanding of animal 


nutrition. 


S. J. Watson 


vli 



PREFACE 


This book is intended to be an introduction to the study of the nutrition 
of farm animals. Although it is written primarily for agricultural 
students, it is hoped that it will be useful for students of veterinary 
science and allied subjects, and also for agricultural advisers and 
progressive farmers. 

In writing this textbook we have emphasised the biochemical aspects 
of nutrition; this has been done intentionally, since a proper under- 
standing of the subject is impossible without a knowledge of biochemical 
processes. We have dealt with the theoretical basis of nutrition rather 
than with different practical feeding systems, since we feel that the 
latter are best included in animal husbandry textbooks. 

Although the reader does not require any previous knowledge of 
biochemistry, it is assumed that he will have received some basic training 
in organic chemistry and the biological sciences. 

We have not attempted to give detailed lists of references to original 
papers; students wishing to obtain more information are referred to 
the textbooks and review articles listed at the end of each chapter and 
to the periodical Nutrition Abstracts and Reviews, 

The authors are indebted to many people for advice and help. 
We would particularly like to thank Professor S. J. Watson for writing 
the Foreword, and for giving helpful criticisms and suggestions during 
the planning of this book. We are grateful to Dr W. Bolton for reading 
the whole manuscript and givinghis comments as well as kindly providing 
Plates 1 to 5, and to Dr J. A. Watt for veterinary advice and for pro- 
viding Plate 6. We are indebted to Drs D. G. Armstrong, D. J. Bell, 
W. A. Dewar, A. W. MacGregor, H. T. Maepherson, T. B. Miller and 
D. Purves for reading and commenting on certain chapters and to 
Professor I. A. M. Lucas and Mr J. W. Dent for advice on construction 
of some of the tables. We also thank Dr K. L. Blaxter for reading 
part of the manuscript and for providing some data which were at the 
time unpublished. We are grateful to Mr G. Finnic for his skilled 
assistance with some of the figures. We would also like to record our 
thanks to our wives for their invaluable help in typing, proof-reading 
and general comment. Finally wc would like to thank the publishers 
for the trouble they have taken and the help they have given. 
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Chapter 1 


THE ANIMAL AND ITS FOOD 

Food is the material which after ingestion by animals is capable of 
being digested, absorbed and utilised. In a more general sense we use 
the term ‘ food * to describe edible material. Grass and hay, for 
example, are described as foods, but not all their components are 
digestible. Where the term * food * is used in the general sense, as in 
this book, then those components capable of being utilised by animals 
are described as jiutrients. 


Components of Foods and Animals 


The major part of the diet of farm animals is made up of plant 
material; foods of animal origin such as hsh meal, meat meal and 
milk products are provided in limited amounts only — mainly for pigs 
and poultry. 

Plants and animals contain similar types of chemical substances , and 
we can group many of these into classes according to constitution, 
properties or function. The main components of foods (and animals) 
are: 


fWater 

Food! 

(Dry matter 


iVatcr 


'Organic 


Jnorganic 


''Carbohydrates 

Lipids 

Proteins 

.Vitamins 


The water content of the animal body varies with age. The 
newborn animal contains fro m 75 to 80 per cent, wate r, but this falls 
to ab out 50 per cent, in the mature fat anima l. It is vital to the life 
of the organism that the water level in the body be maintained — an 


animal will die more rapidly if deprived of water than if deprived of 
food. Water functions in the body as a solvent i n which nutrients are 
t ransported a bout the body an d in which wastVproducts are e xcreted . 
Many of the chemical rcHHIohs brought about by enzymes take place 
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loluLon and involve hydiolys.a Because of 

of water, large changes m heat P"" " w“ cr also has 

■SnaSTwilh very little alteration in body temperature tc 
a high latent heat of evaporation, and its 
and skin gives it a farther role m the regulation of 
The animal obtains its water from three sources 
water present in its food and mclabohe^. this last bemB fo^cd 
dumirfneEbolisra Ky 'Ihc oaid alion ol iil drogen c onlaim_£ — B_ 
nutrients The water content in I'ooa is ^cry variable and, 
figtrrenn Table 1 1 indicate, can range frnm pr tn conce 
to over 90 per cent in some root crops The water content o gro\ 
plants IS relat e to the stage oi' gro^. younger p^s conlaininSjnoK 
water ttian older plants In lempeTaic climates drinking water is not 
usually a problem and animals arc provided with a continuous ^ 
There IS no evidence that under normal conditions an excess of dnn mg 
water is harmful, and animals normally drink what they require 


Dry Matter 

The dry matter of foods i s conveniently divided into ^rganm and 
inorganic material, aiinougn m living organisms there is no such 
sharp distinction Many organic compounds contain mineral element 
as structural components All pr oteins, for example, contain sulphur, 
while many of the lipids and cSfBofiyHratcsj^plants and animals 
contain phosphorus 

It can be seen from Table 1 1 that the mam component of the dry 
matter of pastu re grass is ca rbohydrate , and this is true of all plants 
ana many seeds — th Tollsced s, suc h as groundnu ts, being exceptionaLin 
con taining large amounts of protein and of li^ material m the form of 
f at'Sfbu^ in contrast the carbohydrate content of the animal body is 
v ery lo^ One of the mam reasons for the dilTerence in carbohydrate 
content between plants and animals is that, whereas the cell walls of 
plants consist of carbohydrate material, mainly cellulose, the walls of 
animal cells are composed almost entirely o f protein Furthermore, 
plants store energy largely m Ihc form of carboKyeCrates such as stwch 
and fructosans, whereas an animal's mam energy storels in the f orm of 

fat - — — 

Fat IS the most importan t lipid present i n both plants and animals 
The fat content of the animal bod y is variable and is related to age, the 
older animal containing a much greater _percentage of fat than the 
young animal The hpid content of livmgpiants is relativ^ low, that 
of pasture grass dry matter, for example, being 4 to 5 per cent 
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In both plants and animals, pr oteins are the maiornitrogen^containin g 
compounds. In plants, where most of the protein is present as enzymes, 
thrprcentage is high in the young growing plant and falls as the plant 
matures. In ani mals, muscle, tissue s, ski n, hair, feathers, wool an d 
na ils are composed of protein. 

Vitamins are present in plants and animals in minute amounts, and 
many of them are important as components of enzyme systems. When 
considering vitamins, the essential difference between plants and 
animals is that, whereas the former can synthesise all the vitamins they 
require for metabolism, the animal cannot, or has very limitedjpowers 
of synthesis, and is dependent upon an external supply. 


Table 1.1. Percentage Composition of some Plant and Animal Products 



IVater 

Carbohydrate 

Fat 

Protein 

Ash 

Turnips 

91 

7 1 

02 

1 0 

0 7 

Pasture grass 
(young leafy) 

80 

10 0 

1 0 

3 2 

24 

Wheat grain v 

13 

71 2 

1 9 

122 

1*7 

Groundnuts 

6 

20 1 

449 

26 8 

22 

Dairy cow ... 

57 

02 

20 6 

172 

50 

Blood 

82 

0 1 

0 6 

164 

07 

Liver - 

74 

1 3 

6 5 

168 

1-4 

Muscle . 

72 

06 

43 

21-4 

1 5 

Milk (cow’s) 

87 6 

47 

3 6 

3 3 

08 


The inorganic matter contains all those elements present in plants 
and animals other than carbon, hydrogen, oxygen and nitrogen. 
Calcium and phosphorus are the major components of the ash of 
animals, whereas [potassium ^nd silicon are the main inorganic el ement s 
ij^ants. 

Analysis of Foods 

Modern methods of analysis, including the use of chromatographic 
and spectrochemical techniques, make it possible to determine individual 
carbohydrates, proteins, fats, vitamins and mineral elements. Detailed 
information of this kind is, however, tedious to obtain unless expensive 
automatic analytical equipment is available. Much of the existing 
information we have about the composition of foods is based on a 
method described as the proximate analysis of foods, devised about 
100 years ago by two German scientists, Henneberg and Stohmann. 

Proximate Analysis of Foods 

This system of analysis divides the food into six fractions, as shown 
in Tabic 1.2. 
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The mo, s.»ra content u detennmed as the 

which results from dryingnknown weight offood at 100 

weight This method ,s satisfactory for most foods. a 

such as silage, significant losses of volatile material 
The ash content is determined by ignition of a knot™ se^ht of th^ 
food at 500” C until all carbon has been removed The rcsi 
ash and is taken to represent the inorganic constituents 
The ash may, however, contain material of origin S ‘ 

sulphur and phosphorus from proteins, and some loss of 
material m the form of sodium, chloride, potassium, phosphorus ana 
sulphur will take place during ignition The ash content is t ^ 
truly representative of the inorganic material in the Too ci 
qualitatively or quantitatively 

Table 1 2 Components of Different Fractions m the ProTimaie Aralysis of Foods 

Fraellon Components 

Moisture Water (and volatile acids and bases if present) 

(Major Ca, K, Mg. Na, S, P, O 
Ash Essential elemenlslTrace Fe, Mn, Cu, Co, J. 

I Mo.Se 

Probably essential elements F, Br, Da, Sr 
Non-essentiat elements Si, Cr, Ni. Ti, AJ, V, B, Pb, Sn 

Crude protein Proteins, amino acids, amines, nitrates, nitrogenous 

glycosides, glycolipids, B vitamins 

Ether extract Fats, oib waxes, organic acids, pigments, sterols, 

vitamins A, D, E, K 

Crude fibre Cellulose, bemicclluloses, lignm 

Nitrogen free Cellulose, hcmicelluloses, lignin, sugars, fructosans, 

extractives starch, peams, or eanicac ids resins, tannins , pigments, 

water soluble vitanuns 

The crude protein content is calculated from the nitrogen content of 
the food, determined by a modification of the Kieldah l sulphuric acid 
digestion technique In this method the food is digested with sulpnurlc 
acid, which converts to ammonia all nitrogen present except that in 
the form of mtrate and nitnte This ammonia is liberated by adding 
sodium hydroxide to the digest, distiUcd off and collected m standard 
acid, the quantity so collected being determined by titration It is 
assumed that the nitrogen is denved from protein contaimng 16 per 
cent mtrogen, and by multiplying the nitrogen figure by 100/16 or 6 25 
an approximate protein value is obtained This is not ‘ true protein ’ 
smee t e method determines mtrogen from sources other than protein, 
and the fraction ,s therefore designated crude protein 
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The ether extract fraction is determined by subjecting the food to a 
continuous extraction with petroleum ether for a defined period The 
residue, after evaporation of the solvent so obtained, is the ether 
extract As well as true fat it contains waxes, organic acids, alcohols 
and pigments, designation of the fraction as ‘ oil ’ or ‘ fat ’ is therefore 
incorrect 

The carbohydrate of the food is contained in two fractions, the crude 
fibre and the mtrogen-free extractives The former is determined by 
subjecting the residual food from ether extraction to successive treat- 
ments with boiling acid and alkali of defined concentration, the orgamc 
residue is the crude fibre When the sum of the percentages of moisture, 
ash, crude protein, ether extraet and crude fibre is subtracted from 100, 
the difference is designated the nitr ogen-free extractives (NFE ) fThe 
crude fibre fraction contains celTulose, lignin and hemicelluloses, but 
not necessarily all of these materials present m the food a vanable 
proportion of them is contained in the mtrogen-free extractives, 
dependmg upon the species and stage of growth of the plant material 
The complexity of the nitrogen free extractives fraction is well 
illustrated by the constituents shown in Table 1 2 The crude fibre was 
intended originally to provide a measure of the indigestible part of the 
food, but quite a large part of it may m fact be digested by ruminant 
ammals Despite this the figure is valuable because of the correlation 
existing between it and the digestibility of the food 
Although inadequate as a measure of the chemical composition, the 
proximate analysis provides useful information on the nutritive value 
of foods in general and it is still retained as a routine method of analysis 
Most laboratories, however, supplement the data obtained from 
proximate analysis with more detailed analyses carried out by modern 
techniques 

Furhier Reading 

rerliltler md Feeding Stuffs Regulations, 1960 H M S O , London 
US DA Year Booh 1955 Water U S Government Pnnling Office, Washington, 
DC, USA 
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CARBOHYDRATES 

The name carbohydrate is derived from the French hydrate de carbone 
and was originally applied to neutral chemical compounds containing 
the elements carbon, hydrogen and oxygen with the last two elements 
in the same proportion as in water This definition still applies to ^ ® 
majority of the group, although the term now includes a number o 
sugar denvatives and their polymers 

Classification of Carbohydrates 

The carbohydrates are usually divided into two major groups, the 
sugars and the non-sugars (sec Table 2 1) The simplest sugars are 
monosaccharides, which are divided into the sub-groups pentoses 
(C 5 H 10 O 5 ) and hexoses (QH^Oj) depending upon the number of 
carbon atoms present m the molecule Monosaccharides may be linked 
together, with the ebmination of one molecule of water at each linkage, 
to produce di , tri- or polysacchandcs containing respectively 2, 3 or 
large numbers of monosaccharide units or residues 


Table 2 I Classification of Carbohydrates 


fArabinose 

t Pentoses < Xylose 
CjHjoOj l^Ribose 

/Glucose 

Hexoses I Galactose 

C«Hi 206 \ Mannose 
(Fructose 

^ fSucrose 

Disacchandes Lactose 

J Maltose 
j Cellobiose 
(Trehalose 

RafBnose 


Tnsacchandes 

CisHj20ift 

Tetrasacchandes 

(C24H42021 


Stachyose 
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Non-Sugars 


'Polysaccharides 


Pentosans 


[_Hcxosans 


{ Arabans 
Xylans 

f Glucosans 


J Fructosans 


Galactans 

Manoans 


/Starch 
I Dextrins 
\ Glycogen 
\_CelIulose 

rinulin 

\Phlein 


Heteropolysaccharides 


Hemi celluloses 
Gums 
Mucilages 
^^Pectic substances 


The term sugar is generally restricted to those carbohydrates c^on- 
taining less than ten monosaccharide residues, while the name g 
saccharides {oligo-, few) is frequently used to include all sugars other 

than monosaccharides. . , . j r . ...n.vv. 

Polysaccharides are classified according to the kind of sugar which 
they produce on hydrolysis. For example glucosans are condensation 
polymers of glucose, frustosans of fructose and xylans of ^ ° ; 
Hydrolysis of these polymers to their constituent sugars can be broug 
about by the action of either specific enzymes or acids. 

Heteropolysaccharides are mixed polysaccharides which on hydro- 
lysis yield mixtures of monosaccharides and derived products. 


Monosaccharides 

Structure 

The formula for glucose may be represented in the form of a straight 
chain. Two stereoisomeric forms are possible: 


>CHO 

CHO 



H2COH 

1 

1 

HOCH 

1 

CHO 

CHO 

HO’CH 

1 

HCOH 

1 

H_C— OH 

HO— C— H 

H-iCOH 

1 

HOCH 

1 

CH 2 OH 

CH 2 OH 

H!COH 

HOCH 



1 

«CH20H 

1 

CH 2 OH 



D-Glucose 

L-GIucose 

D-Gl>ccrosc 

L-GIyccrose 
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The forms are designated D and^ucose 

ttoTi of the hvdroxyl group on the penultimate carbon atom i) 
Z it —SeL D and Worms of the tri^-" 
used as reference compounds, as shown in the a ove q. group 

U can be seen that the formulae contain an aljehj; ^ 
and sugars containing this group are classed “ 

of the presence of 4 asymmetnc carbon atoms m aldohexose , 

16 possible stereoisomeric forms 8 of these being D sugam an 
other 8 mirror images of these or L-forms Only a few of Aese occur 
naturally, in addition to D glucose the important ones are ga ac 
and D mannose (rcw 

The hcxose straight chain formula may contain a ketone — - 

instead of an aldehyde group Su^rs containing a kclb&6 
are classed as ketoses Eight stereoisomers are possible, 4 D forms 
and 4 L*forms The only naturally occumng ketohexose is D fructose 

CH2OH 


1 CH 2 OH 

I 

2CO 

1 

H05CH 

I 

H^COH 

1 

HSCOH 

1 

«CH:OH 

D Fructose 


CO 

I 

HCOH 

1 

HOCH 

! 

HOCH 

CH2OH 

L-Fructose 


Certain facts suggest that sugars can exist in a ring or cyclic form 
In the case of D glucose the structure is in the form of a pyranose nog 
similar to pyran Two forms of D glucose occur, known as a and 
p glucose depending upon the configuration of carbon atom 1 In 


«CH20H 

\ 

6CH20H 

iQ 0 

l/« M 

“/oh 

CJ 2 C 

1 1 

5 C — 

Vi 

c* 

V?” 

C 3 — 

-0 

\ OH 

Vi 

- 2 C 

H 6h 

* n^lucosc 

1 

H 

1 

OH 

8-D Glucose 
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the ring form carbon atom 1 becomes asymmetric, which doubles the 
number of isomeric sugars in any one group. A pair of stereoisomers 
related to each other as are a- and /?-D-glucose are said to be anomers, 
and carbon atom 1 is termed the anomeric carbon atom. 

Derivatives of both a- and ^-D-glucose occur. Starch and glycogen 
are both polymers of the a-form, while cellulose is a polymer of ji- 
glucose. 

As with glucose, fructose normally exists as a ring, which may be 
6-membered but is more commonly a 5-membered or furanose ring 
similar to furan. In the furanose form, the anomeric carbon is carbon 
atom 2. 


H CHoOH 6 CH 2 OH 



a-D-Fructose /?«D*Fructose 

(pytanose form) (furanose form) 


Properties of the Monosaccharides 

Because of the presence of an active aldehyde or ketone grouping, 
the act ss Tedvcing sny^iancss. Thsy c^ hs 

to produce a number of acids. In the case of glucose, partial oxidation 
of the open-chain compound results in the formation of gluconic acid. 
Further oxidation produces glucaric acid ( saccharic acid ). When 
glucose exists in the cyclic form, then glucuronic acid is produced on 
o^udation: 


COOH 

(i:HOH)4 

(ilHjOH 


COOH 

c^-o 



GJuconicadd Glucancadd /5-GIucuronicflcld 
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Th^mos^jmpo^^ Rcids ="? 
gtacinmirEnd gaMuraucjcids. ivmch ii.rTomponcnts 

uioRosacchandcs u to 

v^nth phosphoric Ro d, A pumhcr of sopir 1’’’“*^'’“'“ 
m bo^hpla^^t^S^d^^mals, two important compounds being glu 
phosphate and glucosc-bphosphaic: 


OH 

CH 2 O— P-0 


CHiOH 

1 ^ 

?/i \j 

H /I \ H 

i/ " \ 

kLi/'L 


i ia 

A An 

aiucose-6*phosphate 

Glucose-1 phosphate 


Hexosc phosphates play a very impoitanl role m cell metabolism 


Pentoses 

Pentoses have the general formula CsHipOs The most important 
members of this group of simple sugars are L-arabinose, D-xyloM 
an d D nbo se Th ese su^rs rarely occ ur free in natu re, except as 
breakdown products d uring fermentatTonT ^rabmos e and xylose 
residues occur in pentosans, which are constituents oT hcmiMlluloses 
Both these sugars are produced in considerable quantity wKenKSfb^e 
is hydrolysed with normal sulphuric acid Arabmosc also occurs in 
gum-arabic and other gums 

A^ living cells as a c onstituent of ribonucleic 

(Rna), and isalso a constituem oi several vitamins and coen- 
.^s Pentoses can exist in the open-chain’ or t^ng form They 
show similar reducing properties to the hexoscs. but are not 
ermen e y yeast The three pentose sugars desenbed above are 
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dextrorotatory; 



OH H OH (1h in 


p-L-Arabinose a-D-Xylose a-D-Ribose 


Hexoses 


Glucose and fructose are the most important naturally occurring 
hexose sugars, while mannose and galactose occur in plants in a poly- 
merised form as mannans and galactans. 

D’GIucose^ grape sugar or dextrose exists in the free state as well as 
in combined form. The sugar occurs free in plants, fruits, honey, 
blood, lymph and cerebrospinal fluid, and is the sole or major com- 
ponent of many oligosaccharides, polysaccharides and glucosides. In the 
pure state, glucose is a white crystalline solid and like all sugars is soluble 
in water. It is dextro-rotatory and reacts as a typical aldohexose. 


D-Fructose, fruit sugar or l aevulose occurs free in green leaves , 
fruits and honey. It also occure in the disac charide sucrose and in 
fruct^ans. Green leafy crops usually contain aopreciahle amnunts nf 
mis sug^both tree and i n poivmeriscd form . The free sngnr a white 
cfysraltn re solid and has a swee ter taste than sucrose. The exception- 
allysweei't^te of honey is due to t hjs^gar.,. Fructose differs from the 
other hexoses in being laevo-rotalory. 


D’Mannosc docs not occur free in nature but exists in polymerised 
form as mannan, and also as a component of glycoproteins. The free 
sugar is dextro-rotatory. 

D'Galactosc doeVTTot exist free in nature except as a breakdown 
product during fermentation. It is present as a constituent of the 
disaccharidc lactose, which occurs in milk. Galactose also occurs as a 


component of the anthocyanin pigments, galactolipids, gums and 
mucilages. Tlic sugar is dextro-rotatory. 


Glycosides 

If the hydrogen of the hydroxyl group attached to the nnomeric 
carbon atom of glucose is replaced by esterification or by condensation 
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an alcohol (including a sugar r'ftMarrg—lo™; 
tive so produced is termed a glucoside. Simlariy g „lvco- 

galactosides, and fructose forms fructosidra. The linkage 

?.dc is used collectively to descri^ these "il 

effected through the anomenc carbon atom is described g 1 

Mgosaccharides. polysaccharides and 
classed as glycosides, and these compounds yield ® 

derivatives on hydrolysis. Certain naturally oe^rring glycos^es 
contain non-sugar residues. For example the 
sugar combined with a heterocyclic nitrogenous base (sec C^p )■ 
The cyanogenetic glycosides liberate hydrogen cyanide (HC ; 
hydrolysis, and because of the toxic nature of this compound plan^ 
containing this type of glycoside arc potentially dangerous to anima 
The glycoside itself is not toxic and must be hydrolysed before poisoning 
occurs. However the glycoside is easily broken down to its componen s 
by means of an enzyme which is usually present in the plant. 

An example of a cyanogenetic glycoside is linaroarin (also 
phaseolunatm), which occurs in linseed, Java beans and cassava. ^ If 
wet mashes or gruels containing these foods are ^ven to animals, it is 
advisable to boil them when mixing in order to inactivate any enzyme 
present. On hydrolysis Unamann yields glucose, acetone and hydrogen 
cyamde. 

Examples of other cyanogenetic glycosides and their sources are 
shown in Table 2 2. 


Table 2 2 Some Important Naturally Occurring Cyanogenetic Glycosides 


Hydrolylie products m 
addition to glucose 

Name Source and hydrogen cyanide 


Lmamann 

(phaseolunatm') 

Yiciarun 

Amygdalm 

Dhunin 

LotaustraliQ 


Linseed (Lenum usilaltsstmum) Acetone 

Java beans ifhaseoha lunatus) 

Cassava Wanihot esculenia) 

Seeds of wild vetch (Frcia angusit- Arabinose, benzalde- 
hyde 

Bitter almonds, kernels of peach, Benzaldehyde 
chemes, plums, apples and fruits 
ofRosaceae 

Leav« of the great millet {Sorghum p*hydroxy-benzalde- 
vidgare) 

Trefoil (Loros australu) 

White clover {Tnfolatm repens) Methyklhyl ketone 



CARBOHYDRATES 


13 


DiSACCHARroES 

Structure 

Disaccharides consist of two molecules of hexose sugars condensed 
together with the loss of one molecule of water; 

2C6H12O6 C12H22OU +H2O. 

A large number of disaccharide compounds are possible, depending 
upon the hexoses present and the manner in which they are linhed. 
The most important are sucrose, maltose, lactose, cellohiose and 
trehalose. Maltose and cellohiose both consist of two glucose residues 
linked in the 1,4 positions, but differ structurally, as can be seen from 
the following formulae: 

CH2OH CH2OH 



Cellobiose 


Both maltose and cellobiose have one active reducing group and show 
reducing properties. Trehalose consists of two glucose residues 
linked in the I, I positions and is therefore non-reducing. 

Sucrose consists of one molecule of glucose and one molecule of 
fructose joined together through their reducing groups, and therefore 
this disaccharide is also non-rcducing: 



Sucrose 
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Uctosecons.su of one molecule ofelucose joined to one orgabctose 

and has one active reducing group r,m,|,ar sugar 

Sucrose, cane sugar, beet sugar or saccharose is the toihar sug 

of domestic use It is widely distributed in j ™ r 

plants Sugar cane contains about 20 per cent of sucrose and sup 
Let 15 to 20 per cent , it is also ptBcnt m other roots 
and carrots, and occurs in many fruits Sucrose is easily J ) 
by the enayme sucrase or by dilute aads W’'" LL Le 
temperature of 160’ C it forms barley sugar and at a temperature 
200® C It fonns caramel Sucrose is dextro-rotatory 
Lucuse, or milk sugar, occurs only ns a product of the mammary 
gland Cows’ milk contains 4 6 to 4 8 per cent Uctosc is not ns 

soluble as sucrose and is less sweet, imparting only a faint sweet ta 


to milk. It IS dextro-rotatory 

Lactose readily undergoes fermentation by a number of organism , 
including Streptococcus lactis, the organism responsible for 
ofmilkbyconvcrung the lactose into lactic acid (CHj CHOH COOi ) 

If lactose IS heated to 150® C it turns yellow, and at a temperature ol 
175® C the sugar is changed into a brown compound, laclocaramcJ 
On hydrolysis lactose produces one molecule of glucose and one 
molecule of galactose 

Maltose, or mall sugar, is produced during the hydrolysis of starch 
and glycogen by ddute acids or cniymes This sugar is produced from 
starch during the germination of barley by the action of the enzyme 
diastase The barley after germination and drying is known as malt 
and 18 used m the manufacture of beer Maltose is water soluble, 
but IS not as sweet as sucrose It is dextro-rotatory, and on hydrolysis 
yields two molecules of glucose 

Celhbiose docs not exist naturally as a free sugar, but is the basic 
repeating unit of cellulose Cellobiose can be hydrolysed to glucose, 
and Its properties are similar to maltose although it is less soluble and 
less sweet 


Trehalose is a disacchande present in fungi and seaweeds 


Trisacciiarides 

Tnsacchandes are formed by the umon of three molecules of hexosc 
sugars 

CxgHjiOi6+2H20 

Raffinose is the commonest member of the group occurring almost 
as widely m plants as sucrose It exists in small amounts m sugar beet, 
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and accumulates in molasses during the commercial preparation of 
sucrose. Cotton seed contains about 8 per cent, of raffinose. On 
hydrolysis this sugar produces glucose, fructose and galactose. It is 
non-reducing. 


Tetrasaccharides 

Tetrasaccharides are produced by the union of four hexose residues: 
4C6H12O6 -*■ C24H42O21 +3H2O. 

Stachyose is an example of a tetrasaccharide, and has been isolated 
from about forty different plant species. It occurs in the seeds of 
leguminous plants and in the roots of the Stachys genus (Woundworts). 
It is a non-reducing sugar and hydrolyses to two molecules of galactose, 
one molecule of glucose and one of fructose. 

Polysaccharides 

These carbohydrates are very different from the sugars. The majority 
are of high molecular weight, being composed of large numbers of 
pentose or hexose residues. Polysaccharides do not possess a sweet 
taste, and do not give the various sugar reactions characteristic of the 
aldoses and ketoses. Many of them occur in plants either as reserve 
food materials such as starch or as structural materials such as cellulose. 

The polysaccharide group is limited generally to the monosaccharide 
condensation polymers which contain ten or more monosaccharide 
residues, Tk& division is genoraiJy distinct, since most saturaily 
occurring oligosaccharides contain only two or three monosaccharide 
units, whereas the majority of the polysaccharides contain from a 
hundred to several thousand units. 

Pentosans 

Arabans and xylans occur in combination with other materials 
in plants. The former produce arabinose on hydrolysis, while xylans 
produce xylose. Pentosans arc important components of hemi- 
ccUuloscs and will be referred to in more detail under the section dealing 
with these hctcropolysaccharidcs. 

Ilcxosmis 

Starch is a glucosan (or glucan), and is present in many plants as a 
rcsenc carbohydrate. It is most abundant in seeds, which may contain 
up to 70 per cent., and in fruits, tubers and roots, which may contain 30 
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percent Starch occurs naturaUym tteform of gra^nuU 

shape vary m ditTerent plants The g -.mnonent of the granules 
layers, Z although glucosan is .he 1^“ acids and 

they also contain minor constituents such as protem tat y 
phosphorus compounds which may influence heir „re 

Starches differ in their chemieal “^PfJt^c’rcat po^ccharidcs 
instances are mixtures of two stnicturatly different po y^c 
termed amylose and amylopcctin The P^OP"'^ lha proportion 
in natural starches depend upon the „„raraylose 

found in most cereal grains and potatoes is 20 to 28 
and 80 to 22 per cent amylopeclin amylose 

estimated m starches by a characteristic reaction with „ 

produces a deep blue colour while amylopeclin solutions p 

blue Violet or purple colour .^mutnse 

A study of the two major fractions of starch has shown that amy 
IS composed of linear molecules m whtch the a-D ,® a 

Imhed between carbon atom 1 of one molecule and carbon atom 



Part of amylose molecule showing 1 ,4 linkages 


of the adjacent molecule Amylopeclin has a bush like structure con- 
taining primarily a 1,4 linkages, but the molecule also contains sidc- 
chains m which carbon atom 6 of certain glucose residues is linked 
with carbon atom 1 of the other glucose residues 

Starch granules are insoluble in cold water, but when a suspension 
m water is heated the granules swell and eventually the granule sacs 
rupture, and a gelatinous solution is formed 
Ammals consume large quantities of starch m cereal grains, cereal 
by products and tubers Thiscaibohydratelendsitsnametothefeeding 
standard ‘ Starch Equivalent*, which is used widely in the UK as an 
energy unit in the rationing of farm animals 

GJ ^ogen is a term used to describe a group of highly branched 
polysaccharides isolated from animals or micro organisms Glycogens 
occur in liver, muscle and other animal tissues They are glucosans. 
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analogous to amylopectin in structure, and have been referred to as 
* animal starches *. They form colloidal solutions which are dextro- 
rotatory. Glycogen is the main carbohydrate storage product in the 
animal body and plays an essential role in energy metabolism. 

Dextrins are intermediate products of the hydrolysis of starch and 
glycogen: 


Starch. 

Glycogen- 


^dextrins->maUose->glucose. 


Dextrins are soluble in water and produce gum-like solutions. The 
higher members of these transitional products produce a red colour 
with iodine, while the lower members do not give a colour. The pre- 
sence of dextrins gives a characteristic flavour to bread crust, toast 
and partly charred cereal foods. 

Cellulose is a glucosan and is the most abundant plant constituent, 
forming the fundamental structure of plant cell walls. The cell wall 
material contains other ingredients, and recent evidence suggests that 
there might be a chemical linkage between cellulose and hemicelluloses 
as well as between cellulose and lignin. Despite this close association 
cellulose does occur in a nearly pure form in cotton. 

Pure cellulose is a polysaccharide of high molecular weight, in which 
the repeating unit is ceilobiose. Here the jJ-glucose residues are 
1,4 linked: 



Cellulose 


The value of n in this formula varies from about 100 to 4000, depending 
upon the source of the cellulose. 

This polysaccharide is more resistant to chemical reagents than other 
glucosans, but it can be hydrolysed to glucose by cold strong acids. 
Certain cnzynncs also attack cellulose and produce ceilobiose, which 
can be hydrolysed to glucose by ccllobiasc. These ccllulase enzymes 
which attack cellulose occur in germinating seeds, fungi and bacteria, 
but arc not secreted by animals. Microbial fermentation of cellulose 
occurs to some extent in the digcstisc tract of most animals, particu- 
larly in ruminants. The end-product of this fermentation is usually a 
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3=rrs2r;^r;=S^“HS 

and Graniineaa These polysanchandesaraao^ 

are of relatively low molecular vfeight They can be MO y 

rnto two mam groups according to there ‘ gosan 

group and the phlem group The former X^mulm 

and graminan, the latter phlean, levan an p reolacc starch 

has rLivedmore attention than thcothers. It appears to replace stm 

in the leaves and roots of the Compositae ’"“ta P'f ““ “X" 

lysis D fructose and a small quantity of ^ucose This trace o g 

frequently produced on hydrolysis of fmetosans, indicating that many 
naturally occurring fmetosans have a terminal sucrose unit ■" 
Structure Phlem is present m the tubers of the grass Phleum p 
(Timothy) Many grasses contain appreciable quantities of froctosans , 
for example quantities ranging from 2 to 18 per cent m the dry ma 
of ryegrass have been reported .. 

GaJaetans and tnannans ate polysaccharides which occur m the c 
walls of plants A mannan is the mam component of the cell walls ot 
palm seeds, where U occurs as a food reserve and disappears during 
germination A rich source of mannan is the endosperm of nuts from 
the South American tague tree, the hard endosperm of this nut is 
known as vegetable ivory The seeds of many legumes, including 
clovers, trefoil and lucerne, contain galactans 


Heteropolysaccharides 

HemiceUuioses are a group of compounds which accompany cellulose 
in the leafy and woody structures of plants, and in certain seeds It is 
an lU-defmed group whose members differ from cellulose in being 
hydrolysed by boiling with dilute acid, producing sugars and generally 
uronic acids Sugars frequently produced on hydrolysis are xylose, 
glucose, galactose and arabinose, m many grasses xylose predominates 
The name hemicellulose is misleading and implies that the matenal 
IS destined for conversion to cellulose Although this was assumed 
originally to be the ultimate fate for hemicelluloses, it is now known 
that these hctcropolysacchandes are not precursors of cellulose 
Modem methods of chromatographic analysis enable individual 
pentose and hexose determinations to be made on hydrolysed plant 
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extracts of hemicelluloses. Where this system of analysis has been 
adopted results are frequently expressed in amounts of xylan, araban 
galactan, etc. 

Gums are often produced from wounds in plants, although they 
may arise as natural exudations from bark and leaves. These exudates, 
which on drying in air thicken to a translucent glassy mass, are often 
composed of polysaccharides. Gums are very complex compounds 
which may be hydrolysed to monosaccharides and uronic acids. 
Gum-arabic (acacia gum) has long been a familiar substance; it is 
soluble in water and upon hydrolysis yields arabinose with small 
amounts of galactose, glucuronic acid and a sugar derivative, rhamnose. 

Mucilages are found in certain plants and seeds, and like the gums 
are complex substances. Linseed mucilage is a well-known example 
of this type of compound, and produces arabinose, rhamnose, galactose 
and galacturonic acid on hydrolysis. Many algae yield mucilages 
which are soluble in hot water and form a gel on cooling. Agar is an 
example of such a mucilage, obtained from red seaweeds of the 
Gelidium family. Agar is a sulphuric acid ester of a galactan and is 
used as a gel-forming agent in media in bacteriological studies. 

Pectic substances occur in the primary cell wall and intercellular layers 
of all land plants. They can be classified into four types: protopeciin, 
pectin, pectic acid and pectinic acid. The fundamental structural unit 
in these pectic substances is galacturonic acid, although other substances 
have been produced on hydrolysis. Protopectin occurs in the thicken- 
ing of cell walls of parenchyma, and is present in unripe fruits. Pectin 
is formed from protopectin by the action of the enzyme protopectinase 
and gives (lie gel-like property common to fruit juices. This property 
is made use of in jam-making. Pectinic and pectic acids are produced 
from pectin by the action of the enzyme pcctasc; they occur in over- 
ripe fruits. 

Lignin 

Lignin is not a carbohydrate, but is usually discussed along with this 
group of compounds because of its association with them as a structural 
component of the cell wall. Although the exact structure of the lignin 
molecule is unknown, it is thought that the basic unit is a phenylpropyl 
radical: 

CHr-CHj-CHr- 

As plant tissue ages the cell walls become lignified, and it is thought 
that in this process cellulose and hemicelluloses combine with lignin. 
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Lignin IS very resistant to strong acids and to microbial action 
It js generally considered to be completely indigestible by animals 
Mature hays and straws are of low digestibility, and this is usually 
associated with the presence of Iignified tissues 
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LIPIDS 

The lipids or lipides are a group of substances found in plant and 
animal tissues, insoluble in water but soluble in common organic 
solvents such as benzene, ether and chloroform In the proximate 
analysis of foods they are included in the ether extract fraction 
The lipids may be classified into two mam groups as follows 

Table 3 1 Classification of the Lipids 
Lipids 


Simple 

1 

Compound 

1 


1 

Waxes 

Phospholipids 

1 

GJycoIipids 

1 


Lecithins Cephalms Sphingomyelins j 

Clucolipids Calactolipids 

The simple lipids arc esters of fatty acids with alcohols, while the 
compound lipids include other groups as well For example, the 
phospholipids may contain choline and phosphoric acid 

Fats 

Fats and oils arc constituents of both plants and animals, and arc 
important sources of stored energy Both ha\e the same general 
structure and chemical properties but they ha\c difTcrcnt physical 
characteristics The melting points of the oils arc such that at ordinary 
temperatures they arc liquid Tlie term fat is frequently used m a 
gcncnl sense to include both groups 

Structure of Fats 

Fats arc esters of falts acids with the tnhydne alcohol glyxrcrol 
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When the cstenfication involves only 
produced is a simple tnglycende 

CH2OH 

CHOH + 3 R COOH 
CH2OH 

Glycerol Fatty acid 


single fatty acid, the compound 

CHi O CO R 

CT O CO R +3H2O 

CHi O CO R 

Simple tnglycende 


When more than one fatty aeid is concerned in the esterification, then 
a mixed tnglycende results 


CHi O CO Ri 
CH O CO Ri 
CH; O CO Rj 

Mixed tnglycende 

where Ri, Ri, Rj represent the chains of different fatty acids Naturally 
occumng fats and oils are mixtures of such mixed inglycendes, although 
simple tnglycendes do occur naturally and sometimes are the dominant 


Table 3 2 Common Aads of Natural Fats 


t Saturated fatly aetdi 

Melting 

Aeid 

Formula 

point, “ C 

Butync (butanoic) 

CjHjCOOH 

-7 9 

Caproic (hexanoic) 

CsHiiCOOH 

-3 2 

Caprylic (octanoic) 

C 7 H, 5 C 00 H 

16 3 

Capnc (decanoic) 

C 9 H 19 COOH 

31 2 

Launc (dodecanoic) 

CiiHjjCOOH 

43 9 

Mynstic (tetradecanoic) 

CnHnCOOH 

541 

Balrmtic (hexadecanoic) 

CijHjiCOOH 

62 7 

Slcanc (octadecanoic) 

CnHjjCOOH 

69 6 

Arachidw (eicosanoic) 

C 19 H 39 COOH 

76 3 

2 (/njafi>ra(e</ fatty acldt 

Melting 

Acid 

Fortmla 

point, ” C 

Palmitolcic (hcxadecenoic) 

CijHjjCOOH 

0 

Olnc (octadecenoic) 

C 17 H 33 COOH 

13 

Unoletc (octadecadienoic) 

CnHjiCOOH 

-5 

UnolCTuc (octadecatnenotc) 

CnHjsCOOH 

—14 5 

Arachidonic (ocoutetraenoic) 

CijHjiCOOH 

-49 5 
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U„„,e.c a.d, .bl. imseed u a parU^latly --“//JrnuTf 
Ld P,gs and poultry, nonnaUy 

oilseed residues m their diet J ^ largely dependent upon 

supply of the essential acids Ruminants are larg y p 

graL for their nutritional needs and Uaoletne 

siderable quantities of hnoleie acid and larg q 

acid It IS conceivable that hydrogenauon of the latter in 'n 

will make increased amounts of Imolcic acid availab e, P 

Cy of ruminants suffermg a defieieney of essential fatty acids 

m practice, remote. 


Analylical Fat Coralanis . 

It IS frequently important m nutnuonal “^^erethe 

quahty of the fat bemg produced under a certain softemng 

eltect of the diet is considerable the results may be obvious m a sofmMg 
or hardening of the fat Less obvious changes may occur, and f ^ 
a more objective assessment is necessary Differences m 
function of their fatty acid composition, sinee glycerol is 
fats The logical method of following changes in fats, Iherelore, k 
measure their fatty acid consulution Analysis of fats for inoi 
fatty acids has presented great problems in the past, but the intro , 
in recent years of techniques such as gas chromatography has at 
determinations to be made more easily and accurately As we 
providing a most valuable research tool, gas chromatographic anaiys 
has given detailed quantitative information on the fatty acid constitu lo 
of many different fats This means a more certain idenlificaUon and 
charactensation of fats, and provides a more accurate metho o 
detecting and quanUlativcly estimating the adulteration of a given 
fat or oil 

Before the introduction of gas chromatography, workers used the 
analytical fat constants, and much of the information on fat composition 


ts only available m this form 

Afelting Pomf The melt ing points of the fatty acids mcre^ e . with 
incr ease m mol ecular weight, while the u nsaturated acidsIH^ ve lovvej; 
memng pomis man tneir saturated analogues The fhtty acids confer 
iheir properties "on lhe“Ulglycendcs of ^ich they form part A 
fat wnlh a high proportion of low molecular weight fatty acids, or 
unsaturated acids, will have a low mcllmg pomt and wiU be soft or 
even liquid at ordinary temperatures On the other hand, a fat with 
a high propomon of high molecular weight saturated acids will have a 
high melting point and will be firm and hard Measurement of the 
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melting point thus provides an indirect measure of the fatty acid com- 
position of a fat. Unfortunately the value does not give an estimate 
of individual fatty acids, and also suffers from the disadvantage that 
the melting point is represented by a range of temperature and does not 
differentiate sharply between individual fats. 

Saponification Value. Fats may be hydrolysed by caustic alkalis 
according to the following equation: 


CHjOCO-R 

CH 2 OH 


1 

CHOCO-R+3KOH 

1 

CHOH + 

3R-COOK 

j 

CHz-O-CO-R 

1 

CH 2 OH 


Fat 

Glycerol 

Soap 


Such a hydrolysis is known as saponification since it produces soaps, 
which are sodium or potassium salts of fatty acids. It will be obvious 
that a molecule of triglyceride is always hydrolysed by the same 
weight of potassium hydroxide, and it follows that the actual weight of 
triglyceride saponified by a given weight of potassium hydroxide will 
vary with the molecular weight of its constituent fatty acids. Thus 
302 g of tributyrin and 806 g of tripalmitin are saponified by 168 g 
(3 gram-molecules) of potassium hydroxide. If the amount of potassium 
hydroxide required to saponify a given weight of fat is determined, 
this will provide a measure of the molecular weight of the preponderant 
fatty acids present. The saponification value is defined as the number of 
milligrams of potassium hydroxide required to saponify one gram of the fat. 

For tributyrin this would be 168 x 1000/302 = 556. 

For tripalmitin it would be I68x 10(K)/806 = 208. 

Fats with a high saponification value will thus contain a high pro- 
portion of low molecular weight acids, while a low value indicates a 
high proportion of high molecular weight acids. 

Iodine Value. The unsaturated fatty acids contain double bonds to 
which halogens may be added. The reaction may be represented as 
follows: 


CH 2 

1 

CHz 

CH I 

1 

CHI 

11 + 1 

1 

CH I 

CHI 

j 

CH 2 

1 

CHz 


I 
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The amount of halogen taken up by a given fat depends upon the 
degree of unsaturation of its constituent acids The use of the iodine 
value, defined as the number oj gram of iodine absorbed by 100 g of the 
fat, IS based on this concept Oils with a high content of unsaturated 
acids show high values, c g bnseed oil, 180, wlulc those with a low 
unsaturated acid content have low values, e g coconut oil, 8 

Reichert-Meissl Value This is defined as the number of ml of 
deanormal alkah required to neutralise the steam^olatile, water-soluble 
fatty acids from 5 g of fat 

Butyric and caproic acids appear m this fraction in toto. Capryuc 
and capnc acids also contribute to the value, but only a proportion 
of these acids are represented. 

Butter, with a value of 20 — 37, is almost the only edible fat with a 
significant quantity of these acids, and it is la butterfat analysis that the 
value finds its mam application. In this field it is used to assess the 
quality of butters produced under different conditions and m the detec- 
tion of adulteration of butter with vegetable oils, which, apart from 
coconut oil, have values less than one 
Polenske Value This is defined as the number of ml of decmormal 
alkali required to neutralise the steam-iolatile, water-insoluble fatty 
acids from ftgof the fat 

The mam acids contributing to this value will be capnc and launc, 
with minor contributions from capryhc and mynstic and negligible 
ones from palmitic and steanc acids 

Composition of Fats 

Some typical values for the vanous constants for different fats are 
given in Table 3 3 

In general the plant and manne oils, esj^cially those of fish, are more 
highly unsaturated than those of mammaUan ongm This is due to 
the presence of varying amounts of linoletc and Imolenic acids in 
addition to the unsaturated oleic acid, which is quantitatively the major 

TABtE 3 3 Analytical ConstanU of Some Fats and Oils 

lodtne Reichert Polenske 

Value Value Value 
85 98 0 4 — 

103 111 05 1 0 0 5 

110-150 1 2 — 

130-150 0 4-0 76 — 

32-47 0 25 1 

46-66 0 70 I 

32-12 20-37 



189196 
191 196 
188 194 
170-180 
190-200 
193-200 
21&.23B 


2-4 
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fatty acid in most natural fats. In mammalian depot fat the proportion 
of the more unsaturated acids is lower, and there is a higher proportion 
of high molecular weight saturated acids such as palmitic and stearic 
acids, with smaller but significant contributions from lauric and 
myristic acids. For this reason fats like lard, beef and mutton tallow 
are firm and hard, while the marine mammal, fish and plant oils are 
softer and are frequently oils in the true sense. 

Ruminant milk fats are characterised by their high content of low 
molecular weight fatty acids, these sometimes forming as much as 
20 per cent, of the total acids present. As a result they are softer than 
the depot fats of the respective animals but not as soft as fats of 
vegetable or marine origin, being semi-solid at ordinary temperatures. 
Milk fats of non-ruminants resemble the depot fat of the particular 
animal. 


Properties of Fats 

Hydrolysis. Fats may be hydrolysed by boiling with alkalis, when 
glycerol and soaps are formed as previously described. The process 
may take place naturally under the influence of the en^mes collectively 
known as the lipases. As a result of this lipolysis, glycerol and free 
fatty acids are produced. Most of these acids are odourless and taste- 
less, but some of the lower ones, particularly butyric and caproic, 
have extremely powerful tastes and smells; where such a breakdown 
takes place in an edible fat it may frequently be rendered completely 
unacceptable to the consumer. The lipases are mostly derived from 
bacteria and moulds, which are chiefly responsible for this type of 
spoilage, commonly referred to as hydrolytic rancidity. 

Oxidation. The unsaturated fatty acids readily undergo oxidation, 
the site of action being the carbon atom adjacent to the double bond. 
Hydroperoxides are formed: 


CH2 

1 

CH 


CH2 

I 

CH 


CH 

I 

CH2 

1 

CH2 


+ O2 


CH 

I 

CHOOH 

1 

CH2 


Fatty add fragment 


Hydroperoxide fragment 
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which may then break down to give nnsaluraled aldehydes or ketones 


wnicn may uicu uu 

1 

CH2 

1 

CH2 

1 

1 

CH2 

1 

CH 

1 

CH 

¥ 

CH 

11 

CH 

^ CH 

1 

1 

c==o 

CHOOH 

CHO 

1 

CHj 

1 

CHi 

1 


Unsatuiated ketone 

Hydroperoxide 

Unsaturated aldehyde 

fragment 

fragment 

fragment 


Such compounds, together with hydroay-propanal, have been isolated 
from fats showmg the so called ‘ oxidative ’ or * oxidised ' taints 
No single substance has been shown to be responsible for the taints, 
which have been desenbed as oily, metallic and tallowy, rather they 
are regarded as being due to the combined effects of the products 
of fat oxidation Development of oxidative taints is accelerated by the 
presence of heavy metals, particularly copper and iron, and by exposure 
of the fat to ultra violet light 

Oxidation of saturated fatty acids results m the development of a 
sweet, heavy taste and smell commonly known as ketonic rancidity 
This IS due to the presence of methyl ketones as a result of the oxi 
dation, which may be represented as follows 


CHj 

\ 

CH3 


CH3 

CH2 

1 

CHz 


CHz 

CHz + 0 -b 

1 

1 

CH2 


1 

CH2 

CH2 

1 

1 

c=o 


( 

c=o 

CH2 

1 

1 

CH2 


1 

CHj 

COOH 

CX)OH 



Caproic aad 



FenUnone 


+CO2 


Si^lar reactions following mould induced lipolysis are responsible 
for the characteristic flavours of various soft and blue cheeses 
Antioxidants Natural fats possess a certain degree of resistance 



LIPIDS 


29 


to oxidation, ' owing to the presence of compounds termed anti- 
oxidants. These prevent the oxidation of unsaturated fats until they 
themselves have been transformed into inert products. A number of 
compounds have this antioxidant property, including phenols, quinones, 
tocopherols, gallic acid and gallates. In the United Kingdom, a Food 
Standard Committee reported in 1954 that it considered no health 
hazard should arise if 0-01 per cent, propyl, octyl or dodecyl gallate or 
0-02 per cent, butylated hydroxyanisole were added to edible oils or fats. 

Hydrogenation. This is the process whereby hydrogen is added to 
the double bonds of the unsaturated acids of a fat, converting them to 
their saturated analogues. Oleic acid, for example, yields stearic acid 
as follows: 


CH3 


j 

(CHa), 

1 


CH 

H 

11 

- 1 - 1 

CH 

H 

1 

(CHj), 



COOH 


CHj 

I 

(CH2),6 

I 

COOH 


Oleic acid 


Stearic acid 


The process is important commercially for producing firm hard fats 
from vegetable and fish oils in the production of margarine. The 
hardening results from the higher melting points of the saturated 
acids. For the rate of reaction to be practicable a catalyst has to be 
used, usually finely divided nickel. Hardening has the added advantage 
of improving the keeping quality of the fat, since removal of the double 
bonds eliminates the chief centres of reactivity in the material. 


Waxes 

Waxes are simple lipids consisting of a fatty acid combined with a 
monohydrio aleohol of high molecular weight. They are usually 
solid at ordinary temperatures. The fatty acids present in waxes 
arc those found in fats, although acids lower than lauric are very 
rare while several higher acids like carnaubic {C23H47COOH) and 
mclissic (CjaHsi COOH) may also be present. The most common of the 
alcohols found in waxes are camaubyl (C24H480H), myricyl (CjiHmOH) 
and cetyl (CusHsjOH). 
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which may then break down to give unsalurated aldehydes or ketones* 


1 

CH2 

CHz 

CH2 

1 

1 

CH 

1 

CH 

CH 


11 

CH 

hi 

\ 

1 

c=o 

CHOOH 

CHO 

1 

CHi 

1 

1 

CHi 

1 


i 

Unsatuiated ketone 

Hydroperoxide 

Unsaturated aldehyde 

fragment 

fragment 

fragment 


Such compounds, together with hydroxy-propanal, have been isolate 
from fats showing the so called ‘ oxidative ’ or ‘ oxidised * taints 
No single substance has been shown to be responsible for the taints, 
which have been desenbed as oily, metallic and tallowy, rather they 
are regarded as being due to the combined effects of the products 
of fat oxidation Development of oxidative taints is accelerated by the 
presence of heavy metals, particularly copper and iron, and by exposure 
of the fat to ultra-violet light 

Oxidation of saturated fatty acids results m the development of a 
sweet, heavy taste and smell commonly known as ketonic rancidity 
This is due to the presence of methyl ketones as a result of the oxi- 
dation, which may be represented as follows 


CH3 

j 

CHj 


CH3 

CH2 

\ 

CH2 


CHz 

CH2 + 0 -* 

) 

CHz 

1 

-- 

CHz 

CH2 

I 

1 

c=o 


1 

c=o 

CH2 

j 

1 

CHz 


1 

CH3 

COOH 

COOH 



Caproic acid 



Pentanone 


+CO2 


Similar reactions following mould induced lipolysis are responsible 
for the charactenstic flavours of various soft and blue cheeses 
Antioxidanls Natural fats possess a certain degree of resistance 
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to oxidation^ ‘ owing to the presence of compounds termed ,anti-' 
oxidants. These prevent the oxidation of unsaturated fats until they 
themselves have been transformed into inert producU. A number of 
compounds have this antioxidant properly, including phenols, quinones, 
tocopherols, gallic acid and gallates. In the United Kingdom, a Food 
Standard Committee reported in 1954 that it considered no health 
hazard should arise if 0-01 per cent, propyl, octyl or dodecyl gallate or 
0-02 per cent, butylated hydroxyanisole were added to edible oils or fats. 

Hydrogenation. This is the process whereby hydrogen is added to 
the double bonds of the unsaturated acids of a fat, converting them to 
their saturated analogues. Oleic acid, for example, yields stearic acid 
as follows: 

CHj 


(CHi), 


CH 

I:h 


(CH2)7 

1 

COOH 


-h 


H 

I 

H 


CHj 

I 

(CH2),6 

COOH 


Oleic acid 


Stearic acid 


The process is important commercially for producing firm hard fats 
from vegetable and fish oils in the production of margarine. The 
hardening results from the higher melting points of the saturated 
acids. For the rate of reaction to be practicable a catalyst has to be 
used, usually finely divided nickel. Hardening has the added advantage 
of improving the keeping quality of the fat, since removal of the double 
bonds eliminates the chief centres of reactivity in the material. 


Waxes 

Waxes are simple lipids consisting of a fatty acid combined with a 
monohydric alcohol of high molecular weight. They are usually 
solid at ordinary temperatures. The fatty acids present in waxes 
arc those found in fats, although acids lower tlian lauric are very 
rare while several higher acids like carnaubic (C23H47COOH) and 
melissic (C30H61COOH) may also be present. The most common of the 
alcohols found in waxes arc carnaubyl(C24H490H), myricyl (CjiHfijOH) 
and cetyl (C16H33OH). 
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Natural waxes are usually mixtures of a number “f “"• 

Belax IS known to eons.st of at least five different esters, the mam 

one bemg myticyl palmitate 

C.SH3.COOH + CnH„OH - C.sH3.COOCnH„ + HsO 

patauueaad Myncyl alcohol Myocyl paleutalc 

Waxes are widely distnbuted ,n plants 
have a protective function In plants water losses due >° 
are reduced, and m animals wool and feathers are P™"samst 

waterbythehydrophobienatureoflhewaxeoaling Among the bene 

known animal waxes are lanolin, obtained from wool, and sp^tmac • 
a product of marme animals Unlike fats, waxes 
hydrolysed and are unlikely to have any nutritive value Their P 
in foods in large amounts leads to a high ether extract gure a 
result in the nutritive value being overestimated 


Compound Lipids 

Phosphohpids 

These are widely distnbuted m all livmg tissues, notably m the heart, 
brain and kidneys Eggs are one of the best animal sources, while 
among the plants soya beans contain relatively large amounts 
phospholipids contain nitrogen and phosphorus m addition to car on, 
hydrogen and oxygen, and are of three types, viz the lecithins, e 
ccphalms and the sphingomyelins The first two are closely relate 
structurally and in behaviour, but the sphingomyelins form a separate 
and distinct group 

Lecithins, like the fats, arc all esters of glycerol Two of me 
alcohol groups arc csterified with fatty acids, but the third is esterifie 
With phosphoric acid, which is in turn esterified by the mtrogenous 
base, choline A typical lecithin would be 


CHz— O— CO— C15H31 


tH— O— CO— CnHjj 

1 o 


OH 

1 


CHz— O— P— O-CH2— CHj— N = (CH3)3 

1 

OH 


The chief fatty acids present arc palmitic, steanc, arachidic and oleic 
Acids below launc are not found m the lecitbms 
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The lecithins are white waxy solids which quickly turn brown in the 
air owing to oxidation They characteristically exhibit a dual nature 
since they are intensely hydrophilic as well as being typically lipid 
Naturally occurring enzymes, the lecithinases, are capable of hydrolys- 
ing the lecithins, yieldmg fatty acids, glycerophosphates and choline 
The release of ehohne, when followed by a further oxidative breakdown, 
has been considered to be responsible for the development of fishy 
taints m fats through the release of the trimethylamine group or its 
oxide, but currently these taints are considered to be the result of fat 
oxidation and not of lecithin breakdown 
Cephahns differ from the lecithms in havmg cholamine as their 
nitrogenous base Cholamine is amino ethyl alcohol 

NH2 

I 

CHj— CHr- OH 

Ammo ethyl alcohol 

The ammo acid serme may sometimes be present 
CH 2 OH 

I 

NH 2 CHCOOH 

Senne 

Sphingomyelins do not contain glycerol and are made up of fatty 
acids, phosphoric acid, choline and sphingosine, which has the follow- 
ing formula 

OH NHz OH 

I I I 

CH3tCH2)i2CH=CH— CH— CH— CH 2 

Sphingosine 

Glycolipids 

The glycolipids have been referred to as the cerebrosides because of 
their occurrence in brain tissue In the brain they contain either 
galactose or glucose, combined with a fatty acid and sphingosine 
Those contaming glucose are known as glucohpids and those con- 
taining galactose as galactohpids Galactolipids also occur m plants, 
and It has recently been shown that the neutral lipids of clover contain 
about 60 per cent of galactolipids Acid hydrolysis of these com- 
pounds produces glycerol, galactose and fatty acids (mainly hnolenic 
acid) 
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Sterols 

In addition to those substances already discussed, the ether 
fracUon contains an unsapomfiable component, the sterols, 
compounds are unsaturated monohydne alcohols of high molec 
weight which occur m all living cells, cither m the free sUte or corabinca 
with fatty acids as esters 

Sterols all have the same basic structural unit of a phenanthrene 
nucleus linked to a cyclopentanc ring 


R 



The different sterols vary in the number and position of the double 
bonds and the nature of the $ide>cham R This basic eyebe structure 
occurs m the bile acids, the sex hormones, the adrenal hormones and 
the D vitamin precursors 
The sterols may be classified into 

(a) the phytosterols of plant origin, 

{b) the mycosterols of fungal origin, 

(c) the zoosterols of animal origin 

The phytosterols and the mycosterols arc not absorbed from the gut 
and are not found in animal tissues 

Cholesterol is a zoosterol which is quanUtatively an important con- 
stituent of the brain, where it may form up to 17 per cent of the dry 
matter It occurs in smaller amounts in all animal cells and it can be 
synthesised in the body, but, in spite of this wide distribution and 
apparent importance, little is known of its actual function Many of the 
important sterols of the body may be synthesised from cholesterol, and 
many consider that its function is to act as a source material m such 
syntheses It has attained some prominence m recent years in con- 
nection with the condition of atherosclerosis, which involves a thicken- 
ing of the arterial walls The thickcmng is due to deposits containing 
cholesterol which form on the inside of the arterial walls 
7 dehydrocholesterol, which js derived from cholesterol, is important 
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as the precursor of vitamm D 3 , which is produced when the sterol is 
exposed to ultra-violet hght 


7-dehydrochoIesterol Cholecalciferol (vitamin D 3 ) 

This IS a good illustration of how relatively small changes m chemical 
structure may bring about radical changes in physiological activity 
frgojfero/is aphytosterol widely distributed in brown algae, bacteiia 
and higher plants It is important as the precursor of ergocalciferol 
or vitamm D 2 , into which it is converted by ultra-violet irradiation 
The change is the same as that which takes place m the formation of 
vitamm D 3 from 7-dehydrocholesterol and involves opening of the 
second phenanthrene ring 
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Chapter 4 


PROTEINS 

Proteins are complex organic compounds of high molecular weight 
In common with carbohydrates and fats they contain carbon, hydrogen 
and oxygen, but m addition they all contain mtrogen and generally 

sulphur . 

Protems are found in all living cells, where they are intimately 
connected with all phases of activity that constitute the life of the cell 
Each species has its own specific protems, and it should be noted tha 
a single organism has many different proteins in its cells and tissues 
It follows therefore that a large number of proteins occur m nature 

Muno Acids 

Ammo acids are produced when proteins are hydrolysed by enzymes, 
acids or alkalis Although over a hundred ammo acids have been 
isolated from biological matenals, only 25 of these are generally 
regarded as being components of protems 

Ammo acids are charactensed by having a basic nitrogenous group, 
generally an ammo group (— NH^), and an acidic carboxyl umt 
(— COOH) Most ammo acids occumng naturally in proteins are of 
the o type, having the ammo group attached to the carbon atom 
adjacent to the carboxyl group, and can be represented by the general 
formula 

NHz 

1 

R— C— H 

I 

COOH 

The two exceptions are prolme and hydroxyproline, which have an 
imino (NH) instead of an ammo group (Table 4 1) Some amino 
acids have additional ammo and/or carboxyl groups 

Properties of Ammo Acids 

Because of the presence of an ammo and a carboxyl group, ammo 

34 
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acids are amphoteric, i e have both basic and acidic properties Mole- 
cules such as these, with basic and acidic groups, might exist as un- 
charged molecules, or as dipolar ions with opposite ionic charges, or as a 
mixture of these Ammo acids exist as dipolar ions or ‘ zwitter ions ’ 
(from the German Zwitter, a hermaphrodite) 

NH 3 + 

1 

R— C— H 

I 

coo- 

In a strongly acid solution an ammo acid exists largely as a cation, 
while m alkaline solution it occurs mainly as an anion There is a 
pH value for a given ammo acid at which it is electrically neutral, this 
value IS known as the isoelectric point 

Because of their amphoteric nature ammo acids act as buffers, 
resisting changes in pH All the o-ammo acids except glycme are 
optically active 

The nature of the ‘ R ’ group vanes with different ammo acids 
It may simply be a hydrogen atom as in glycine, or it may be a more 
complex radical containing, for example, a phenyl group Table 4 1 
lists the important ammo acids derived from proteins Most of these 
aimno acids are of general occurrence in proteins, although diiodoty- 
rosine, hydroxylysine, hydroxyprohne and thyroxine occur in only a 
few 

All the ammo acids involved m protein structure have an L-con- 
figuration of the carbon atom Configurations are determined by 
relation to the standard substance D glycerose, as described under 


Carbohydrates (Chapter 2 ) 


CHO COOH 

COOH 


I I I 

H— C— OH H— C— NHj NH2— C— H 

I I I 

CH2OH R R 


D Glyccrosc D Ammo acid L Ammo acid 

Essential Ammo Acids 

Plants and many micro-organisms are able to synthesise proteins 
from simple nitrogenous compounds such as nitrates Animals 
cannot synthesise the ammo group, and m order to build up body 



36 


animal nutrition 


Table 4 1 . Ammo Acids Occuinng as ProUm Structure Units 


1, Monoamino-tmnocarboxyhc acids 


Glycine 


NH2CH2COOH 

CH3 

NH2aiCOOH 


CHj CHj 

\/ 

CH 

1 

NH2CHCOOH 

CHj CHj 

\/ 

CH 

I 

CHi 

I 

NH2CHCOOH 


CH2OH 

NH2CHCOOH 


CHj 

1 

HCOH 

NH2CHCOOH 


CHj 

\ 


CH2 CHj 

Vk 

NH2CHCOOH 


Z Sulphur-conlaining amino acids 


CH2SH 

1 

NHjCHCOOH 


NHiCHCOOH 


CHj 

1 

S 

I 

CHz 

I 

CHa 

Mclhionme NH2CHCOOH 

-S CH2 

NH2CHCOOH 


3 Monoamlno^carboxyhe acids 

COOH 

I 

CH, 

Aspamc aad NHjCHCOOH 


COOH 

1 

CHi 

1 

CH2 

Glutamic aad NH2CTCOOH 
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Table 4.1. — Contimied 


4. Basic aniino acids 


Lysine 


Arginine 


CH2NH2 

1 

CH2 

1 

CH2 

1 

CH2 

I 

NH2CHCOOH 

NH2 

I 

C=NH 

1 

NH 

(CHj)! 

I 

NH2CHCOOH 


CH2NH2 

1 

CHOH 

I 

CH2 

I 

CHi 

1 

Hydroxylysine NH2CHCOOH 


HC—N 

II 

CH 

II / 

C~NH 


Histidine 


I 

CH2 

( 

NH2CHCOOH 


5. Aromaile amitto acids 


Phcnyblonine 


CHi 

I 

NIIiCIICOOH 


' i ‘ 

\,A/' 


y 




0(3 

I 

NH:O{C00il 


Tyrosine 


Th>iou--« 


I 

CHj 

I 

NJIjCllCOOH 

0 |{ 

1 I I 

I 

o 

I 1 I 

\/\/ 


I 

CH) 

I 

Nll.dtCOOII 
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hoover that the term • molecular RCght ' .n juotou che^'^ 
mtsleadmg, since some proteins m aqueous ^ „ He 

but dissociate into monomers when the solution 
pH or the temperature is altered 

Properties of Proteins 

AU proteins are of high molecular weight, and have colloidal pro- 

’’'pratems differ in their solubdity m water, ranging 
keratin to albumins which are highly soluble Soluble pr 
precipitated from solution by the addition of certain s 
sodium chloride or ammonium sulphate This is ^ . 

and the properties of the proteins are not altered On u i 
protems can easily be redissolved ^vnee 

Although the ammo and carboxyl groups m the peptide 
are non functional to acid base reactions, all proteins contain a nu 
of free ammo and carboxyl groups, either as terminal uiuts or m 
side-cham of ammo acid residues Like ammo acids, protems 
therefore amphoteric They exhibit charactenstic isoelectric pom » 
and have buffering properties 

All protems can be denatured or changed from Ihcir natural s e 
Denaluration has been more accurately defined by Ncurath and co- 
workers as ‘ any nonproteolytic modification of the umque structure 
of a native protein, giving nsc to defimie changes in chemical, physica 
or biological properties ’ Products of protein hydrolysis are no 
included under this term Perhaps the best example of denaturation 
IS the coagulation of a protein solution, such as egg white, upon heat- 
ing Many proteins arc hcat-coagulablc Apart from heat there are 
many other agents which can bring about the denaturation of proteins , 
these include strong acid, alkali, alcohol, acetone, urea, and salts of 
heavy metals 

The most notable effects of denaturation are the changes in biological 
properties, for example enzymes are usually mactivated Changes 
in solubility and optical activity may also occur Solutions of proteins 
arc laevo-rotatory, and denaturation increases the specific rotation 


CLASSmCATlOH OF PROTEINS 

Proteins arc conicnicntly classified into three mam groups simple* 
conjugated and dcn%cd proteins Sunple protems produce only ammo 
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acids or their immediate derivatives on hydrolysis. The conjugated, 
or compound, proteins on hydrolysis yield non-protein groups, usually 
called ‘ prosthetic ’ groups, as well as amino acids. The third group 
contains denatured proteins and products derived from proteins by 
partial hydrolysis. 

Simple Proteins 

This group includes albumins, which are water-soluble and heat- 
coagulable and occur in eggs, milk and blood. The globulins, insoluble 
in water and heat-coagulable, are present in eggs, milk and blood 
and are the main reserve proteins in seeds. Lactoglobulin is a protein 
of milk; it was at first considered to be a homogenous protein, but 
actually consists of two components designated A and B lactoglobulin. 
Individual cows contain either one or the other or both, depending 
upon genetic factors. 

The glutelins are insoluble in water and are not heat-coagulable. 
These simple proteins, together with gliadins which have similar 
properties, make up the main proteins found in endosperm proteins of 
cereal grains. Histones are water-soluble but not heat-coagulable, 
and on hydrolysis produce large quantities of histidine and lysine. 
Scleroproteins are very insoluble and occur only in animals j they 
make up the skeletal, epidermal and connective tissues. Finally the 
protamines arc the simplest natural proteins and occur in fish sperm; 
they are water-soluble but are not coagulated by heat. 

Conjugated Proteins 

The prosthetic group present in conjugated proteins varies and may 
be phosphoric acid (phosphoprotcins), hexosc or a hexose derivative 
(glycoproteins), a pigment (chromoprotcins) or a nucleic acid (nuclco- 
protcins). 

Casein of milk and phosvitin present in egg yolk are phosphoprotcins 
containing phosphoric acid, which is believed to be linked to the 
/J-hydroxyl group of serine and threonine residues. Mucin, the main 
component of the secretion mucus, is a glycoprotein. Haemoglobin 
is an important chromoprotcin, consisting of the protein, ^obin, 
combined with an iron-containing compound, haem or hacmatin. 

Considerable attention has recently been given to nucleic acids, the 
prosthetic groups of nucicoprotcins, and these will be dealt with in 
some detail here. 

Nucleic acids. Nucleic acids arc high molecular weight compounds 
which on h>drol>sis >icld pentose sugars, nitrogenous bases and 
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6 Hilerocychc ammo acids HO-CH— CH: 

CH 2 — CH'> j 1 

i 1 - 

CH 2 CH-COOH 
\/ 


Proline 


CH2 CH-COOH 


HydroxyproUnc 

CH 

HC ^C-O-CHi-CH-COOH 

I U II I 

HC C CH HHz 

N /\y 

Tryptophan CH NH r* rt n 

piotems they must have a dietary source of ammo 
ammo acids can be produced from others by a process . 

trmsamimlion (see Chapter 9), but a number cannot \ 

synthesised m the animal body and these are referred to a 

ammo acids’ t,.,.!, muld 

Most of the early work m detcnomiBg the ammo acids wnic 
be classed as * essential ’ was earned out with rats fed on 
The following ten essential ammo acids are required for growth i 

rat . 

Arginine Methionine 

Histidine Phenylalamne 

Isoleucine Threonine 

Leucine Tryptophan 

Lysine Vahne 

Essential ammo acids are also important in the nutrition of fa^ 
ammals The biological significance of this is discussed m Chapter 

Structure of Proteins 

It IS generally accepted that proteins are built up from ammo aci 
by means of a Imlagc between the a carboxyl of one ammo acid an 
the a ammo group of another acid 

H R O H Ri O 

OH + H— N-C— C— OH 

I 

i H 

R O H Rj O 

I II I I 11 

-C— C— N— c— C—OH +H 2 O 
H H 
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This type of linkage is known as the peptide linkage; in the example 
on p. 38 a dipeptide has been produced from two amino acids. Large 
numbers of amino acids can be joined together by this means with the 
elimination of one molecule of water at each linkage. 

It was originally proposed, by botli Fischer and Hofmeister at the 
beginning of this eentury, that proteins were essentially polypeptides 
containing many amino acid residues joined together by means of the 
peptide linkage. This theory is still regarded as the most satisfactory, 
although the conception of a simple, long, straight chain of amino 


H OR H H O 

I II \ / I II 

N C C N C 

/ \ / \ / \ 


C 


N 

I 

H 


C 


c 

h/ \r 


I 


R HO HR H 

V c! i 

A i H^ \ i 

Fio. 4.1. Configuraiion of polypeptide chain. Dotted lines represent 
possible hydrogen bonds. 


acid residues does not explain many of the properties of natural pro- 
teins. A more complex type of structure is visualised, in which separate 
polypeptide chains may be cross-linked by means of linkages other than 
the peptide bond. Proteins containing cysteine residues may possess 
a disulphide linkage ( — S — S — between two cysteine residues. Ester 
linkages between the alcoholic groups of amino acid side-chains with 
carboxyl groups have been suggested, as well as salt linkages in which 
free amino units In one side-chain combine with free carboxyl units 
m another chain. Hydrogen bonds may also act as intramolecular 
bonding forces, as illustrated in Fig. 4.1. 

U is clear from a knowledge of the moiccuiar weights of certain 
proteins that the actual structure of the molecule must be extremely 
complex. Most proteins ha\c molecular weights \arying from 20,000 
to 200,000, although virus proteins, which may have molecular vs eights 
running into several millions, are exceptions. It should be pointed out 

D 
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phosphonc acid They can be divided inlo iv. o general types depending 
upon the constituent sugar present ribonucleic acid (RNA) contains 
nbose, while deoxynbonucleic acid (DNA) contains the nbose de- 
rivative, deoxyribose DNA is always found m the cell nucleus, RNA 
mainly m the cytoplasm 

The nitrogenous components are denvatives of pynmidme or punne 



Pynmidme Punne 


The two nucleic acids also differ m the types of bases present DNA 
contams the purines, ademne and guanine, and the pynmidines, cytosine 
and thymine , RNA contains the pynmidine, uracil, in place of thymine 
Very small quantities of other pynimdmes have been isolated from 
DNA. 

The compound produced by linking a nitrogenous base to a pentose 
is termed a nucleoside, e g 


NHz 




Ademne 
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If nucleosides such as adenosine are esterified with phosphoric acid, 
they form nucleotides, e.g, 

NH2 




Adenosine 5'*phosphate (adenylic acid) 

Nucleic acids are polynucleotides of very high molecular weight, 
generally measured in several millions. The nucleotides are arranged in 
a certain pattern — DNA normally consists of a double-strand spiral 
(Fig. 4.2). Each strand consists of alternate units of the deoxyribose 
and phosphate groups. Attached to each sugar group is one of the four 
bases mentioned above. The bases on the two strands of the spiral are 
joined in pairs by hydrogen bonds, the thymine on one strand always 
being paired with the adenine on the other and the cytosine with 
guanine. The sequence of bases along these strands is believed to carry 
the genetic information of the living cell. 

Present evidence indicates that RNA exists in the form of single, 
long, folded chains arranged spirally. RNA usually occurs combined 
with proteins, and can cjust in four difTcrent forms: nuclear RNA, 
ribosomal RNA, transfer RNA and messenger RNA. These play an 
important part in the synthesis of proteins (sec Chapter 9). 

Derived Proteitis 

This term has been used to describe the products obtained from 
proteins by denaturation or partial degradation. In the older bio- 
chemical literature terms such as proteoses and peptones \^crc used to 
describe the products from partial hydrolysis of proteins, but those 
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terms are .row cons.dercd to be 

to which they refer are probably raottures of peptides of dm=n 
molecular size and structure 



bonds (represented by dotted lines) 

A = Adenine T = Thymine C = Cytosine G = Guanine 


Non protein Nitrogenous Compounds 

A considerable variety of nitrogenous compounds which are not 
classed as proteins occur in plants and animals In plant analysis these 
compounds have been frequently classed together as non protein 
nitrogenous compounds, to distinguish them from ‘ true proteins 
determined in routine cheimcal analysis Ammo acids form the mam 
part of the non protein nitrogenous fraction in plants, and those present 
in greatest amount include glutamic aad, aspartic acid, alanmc, 
senne, glycine and prolme Other compounds are mtrogenous lipids, 
amines, amides, punnes, pynmtdincs, nitrates and alkaloids lu 
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addition many members of the vitamin B complex contain nitrogen 
in their structure. 

It is clearly impossible to deal with these compounds in any detail, 
and only some of the important ones not previously mentioned will be 
discussed. Table 4.2 shows the main non-protein nitrogenous com- 
ponents of two herbage samples. 


Table 4.2. Composition of Non-Protein Nitrogen (NPN) of two Herbages 
(After W. S. Ferguson and R. A. Teriy, 1954, J. Sci. Fd Agric., 5, 515) 



Perennial ryegrass: 

IV/iite clover: 


percentage of NPN 

percentage of NPN 

Amino-N 

46-6 

49-8 

Amide-N 

9-7 

130 

Ammonia-N 

3*2 

2-6 

Nitrate-N 

7*9 

3-9 

Purine-N 

7*5 

6*7 

Betaine-N 

1-9 

1-0 

Choline-N 

1-8 

0-8 


Amines, Amines are basic compounds present in small amounts in 
most plant and animal tissues. Many occur as decomposition products 
in decaying organic matter and have toxic properties. 

A number of micro-organisms are capable of producing amines 
by decarboxylation of amino acids. These may be produced in the 
rumen under certain conditions and may give rise to physiological 


Table 4.3. Some Important Amines and their Parent Amino Acids 


Amino acid 


Amine 


Arginine 

Histidine 

Lysine 

Phenylalanine 

Tyrosine 

Trj'ptophan 


Putrcscinc 

Histamine 

Cadavcrinc 

Phcnylcthylaminc 

Tyraminc 

Trypiaminc 


symptoms; histamine, for example, is an amine formed from the amino 
acid, histidine, and in cases of anaphylactic shock is found in the blood 
in relatively large amounts. Tabic 4.3 gives a list of the important 
amines formed from amino acids. 

Betaine is a tertiary amine which is formed by the oxidation of 
choline. Betaine occurs in sugar beet, and the young leaves may 
contain 2-5 per cent.; it is this amine which is responsible for the 



animal nutrition 

.fishy- aroma Wly associated^ 

of sugar from beet In the animal bo y 

into inmethylamine, and it is this whic gi amounts of sugar 

produced by cows that have been given encessive amounts ol sng 

’’l^rraragmeandglntammeareimportanta™^^^^ 

of the aimno acids, asparuc acid and glutamic acid seen from their 
may themselves be classed as ammo acids, as can be seen 
formulae 


CO— NH2 

1 

CH2 

NHiCHCOOH 


CO— NH2 

I 

CHi 

1 

CHi 

NH2CHCOOH 


Asparagine and glutamine may occur as components of 
they certainly occur as free amides and play an important ro 
transamination reactions . 

Urea is an amide which is the mam cod product of mitogen 
oUsm m mammals, although it also occurs m many plants and has been 
detected in wheat, soya bean, potato and cabbage 


O 


<1 


rNHz 

NHz 


Urea 


Nilrflfes Nitrates may be present m plant matenals, and while 
nitrate itself may not be toxic to ammals it is reduced readily under 
favourable conditions, as in the rumen, to nitrite, which is toxic 
• Oat hay poisoning ’ is attnbuted to the relatively large amount of 
nitrate present in green oats 

Quite high levels of nitrate have been reported m herbage given 
heavy dressings of nitrogenous fertilisers (see Chapter 16) 

Alkaloids These compounds occur only in certam plants, and are 
of particular interest since many of them have poisonous properties 
Their presence is restneted to a few orders m the dicotyledons A 
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number of the more important alkaloids, with their sources, are 
Ustcd m Table 4 4. 

Table 4 4 Some Important Alkaloids occurring in Plants 


Name 

Soiuce 

Conime 

Hemlock 

Nicotme 

Tobacco 

Ricinmc 

Castor plant seeds 

Atropine 

Deadly nightshade 

Cocaine 

Leaves of coca plant 

Jacobme 

Ragwort 

Qumme 

Cinchona bark 

Strychnine 

Seeds of Nux vomica 

Morphme 

Dried latex of opium poppy 

Solanine 

Unnpe potatoes and potato sprouts 
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VITAMINS 

The discovery and isolation of many of the 

achieved through work on rats which had been i technique, 

proteins, fats, carbohydrates and inorganic salts Using J1 

Hopkins in 1912 showed that a synthetic diet of this ^p 
adequate for the normal growth of rats, but that when a sm q ^ 
of milk was added to the diet the animals developed - 

proved that there was some essential factor, or factors, lac ng 

pure diet . , i ammes * 

About this time the term ‘ vilamines *, derived from vital am • 
was coined by Funk to describe these accessory food factors, - 

thought contained ammo-nitrogen It is now known that only a ® 

these substances contain ammo nitrogen and the word has 
shortened to vitamins, a term which has been generally accep e 


a group name 

Although the discovery of the vitamins dates from the begin g 
of the Iwcnliclh century, the association of certain diseases w 
dietary deficiencies has been known for some time In 1753 Lm , 
BnUsh naval physician, pubhshed a treatise on scurvy proving a 
this disease could be prevented in human beings by mcludmg sa a s 
and summer fruits m ihcir diet The action of lemon juice in curing 
and preventing scurvy had been known, however, since the beginning 
of the seventeenth century The use of cod liver oil in preventing 
nekets has long been appreciated, and Eijkmann knew at the end of the 
last century that ben ben, a disease common in the Far East, could be 
cured by giving the patients brown ncc gram as distinct from polished 


ncc 


Vitamins are frequently defined as orgamc compounds which are 
required m small amounts for normal growth and maintenance of 
animal life But this definition ignores the important part that these 
chemical substances play m plants, and their importance generally 
m the metaboUsm of all living organisms 

Vitamins arc required by ammals in very small amounts compared 
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with other nutrients, for example, the vitamin Bi (thiamine) require 
mentofalOO lbpigisonly2 6mgperday Yet a continuous deficiency 
in the diet results in disordered metabolism and eventually disease 
Some compounds function as vitamins only after undergoing a 
chemical change, such compounds, which include P carotene and 
certam sterols, are described as provitamins or vitamin precursors 
Many vitamins are destroyed by oxidation, a process speeded up 

Table 5 1 Vitamins Important in Animal Nutrition 


Viianun 

Chemical name 

Fat soluble vitamins 

A 

retinol 

D2 

ergocalciferol 

E)3 

cholecalciferol 

E 

a tocopherol * 

K 

phyiioquinone f 

Water soluble vitamins 

B complex 

Bi 

thiamine 

B2 

riboflavin 

Bfi 

nicotmamide 

pyndoxine 

Bii 

pantothenic acid 
biotm 
folic acid 
cholme 

cyanocobalamm 

C 

ascorbic acid 


• A number of tocopherols have vitamin E activity 

t Several naphthoquinone derivatives possessing vitamm K activity are 
known 

by the action of heat, light and certam metals such as iron This fact 
IS important since the conditions under which a food is stored will 
affect the final vitamin potency Some commercial vitamin preparations 
are dispersed in wax or gelatin, which act as a protective layer against 
oxidation 

The system of naming the vitamins by letters of the alphabet was 
most convenient and was generally accepted before the discovery of 
their chemical nature Although this system of nomenclature is still 
widely used with some vitamins, the modern tendency is to use the 
chemical name, particularly in describing members of the B complex. 

There are at least 15 vitamins which hate been accepted as essential 
food faclors, and a few olhers have been proposed Not all of them 
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are of pracl.oal .mpoitancc, and only those v.Um.ns vvhioh may be 
deficient m the diets of farm animals arc dealt with in this chapte 
It IS convenient to divide the vitamins into two ma n S™ P • “ 
water-soluble and the fat-soluble Table 5 1 lists the important 
members of these two groups 


Vitamin A 

Chemical Nature 

Vitamin A, known chemically as retinol, is an unsaturate mono 
hydnc alcohol with the following structural formula 


CHj CHj cHi 

-CH=CH— A=CH— CH=CH— C-=CH— CH2OH 

CHj 

Vuamin A (CioHj^OH) 


The vitamin is a pale yellow crystalline solid, insoluble m water 
soluble m fat and various fat solvents It is readily destroyed y 
oiudation on exposure to air and light A related compound with e 
formula C2oH270H, found in fish, has biological activity much lower 
than that of vitamin A and has been designated dehydroretinol or 
vitamin A2 


Sources 

Vitamm A accumulates in the liver and therefore this organ is likely 
to be a nch source, this is particularly true m the case of certain 
fish, cod liver oil and halibut liver oil being excellent sources. Egg yolk 
and milk fat are also generally regarded as being nch sources, although 
the amount m these depends to a large extent upon the diet of the 
animals by which they have been produced 
Vitamm A is manufactured synthetically and can be obtained in a 
pure form 

Proiiiamins Vitamm A does not exist as such in plants, but is 
present as precursors or provitamins m the form of certain carotenoids 
which can readily be converted by the animal into the vitamin These 
carotenoids mclude a-, P- and y-carotenes, cryptoxanthin which is 
present in higher plants, and myxoxanthene which occurs m a blue- 
green alga Of these /l-carotene is the most widely distributed, and 
since its vitamm A activity is considered to be greater than that of the 
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Other carotenoids it is regarded as the most important. Its structure 
is shown below: 


CH3 CH3 

CH=CH— C=CH— CH=CH— (!;=CH— CH= 
CHj 


CHj 


CHj 

I 


CH3 CH3 


=CH— CH=C— CH=CH— CH=C-CH=CH- 

CH3- 

fi-Caroteac 


\/ 


Pure /?-carotene is red in colour, although solutions appear yellowish- 
orange. All the provitamins are insoluble in water but soluble in fats 
and fat solvents. Carotenoids are usually accompanied by chlorophyll 
in plants, though some plant materials such as carrots, tomatoes and 
certain fungi contain carotenoids but not chlorophyll. Generally, 
green foods are excellent sources of /?-carotene, and in dried crops the 
degree of greenness is usually a good indication of the ^-carotene 
content. Since carotenes are readily destroyed by oxidation, especially 
at high temperatures, foods exposed to air and sunlight rapidly lose 
their vitamin A potency so that large losses can occur during the sun- 
drying of crops. 

Apart from yellow maize, most concentrates used in animal feeding 
are devoid of the provitamins. 

Carotenes also occur in certain animal tissues such as the body 
fat of cattle and horses, but not in sheep or pigs. They are also found 
in birds* feathers, egg yolk and butterfat. 

Conversion of carotene into vitamin A occurs in the intestinal wall 
and also in the liver. In theory one molecule of /?-carotene should form, 
on hydrolysis, two molecules of vitamin A. The efficiency of con- 
version is however rarely as great as this; furthermore carotenes arc 
not absorbed from the gut as efficiently as vitamin A. 

The vitamin A value of foods is stated in terms of International 
Units (I.U.). One I.U. of vitamin A is defined as the activity of 0*3 pg 
of crystalline vitamin A alcohol (or 0*344 /ig of vitamin A acetate). 
The carotene content is usually expressed in terms of mg/kg, equivalent 
to parts per million (ppm). 
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Metabolism . .,,n 

The full part placed by vdamm A m the me.a bo he P-c-- 
obscure, although rt has beerr suggKted hat rt is coucem 
hydrogen transference Rhodopsin (visual purple) 
the tod cells of the retina of the eye, is made “P °^ ‘ (5/1,50 

a protein moiety The pigment breaks down into its 
exposed to light and these chemical changes arc “““P , ^ 

stLlation of. he oprie nerves >» .he dark rhodopsin is regenem^ 

Ability to sec in dim light depends upon fJLation is 

rhodopsin. and where vitamin A is deficient rhodopsin fomahon 
impaired One of the earliest symptoms of a deficiency of “ 

IS a lessened abihty to see in dim light, commonly known as nign 

blindness This is a symptom in all animals 

The silamin is also concerned with maintaining the muc 
branes of the respiratory tract, inlcstmal tract, urethra, kidney 
eyes in healthy condilion In its absence they ‘ 

dned out, m which condition they ate scry susceptible to inieciio 
In addiuon Mtamin A has a role in bone formation 


Deftetcney Symptoms 

In adult cattle a mild deficiency of vitamin A is associated Nvit 
roughened hair and scaly skin If it is prolonged the eyes arc ' 

leading to excessive watering, softening and cloudiness of the co 
and dcvclopracnl of xerophthalmia, charactcnscd by a drying o 
conjunctiva Constriction of the optic nerve canal may result i 
blindness m calves In breeding animals a deficiency may lead to in 
fertility, and in pregnant animals to abortion or to the production o 
dead, weak or blind calves Less severe deficiencies may result m calves 
born wiih low reserves of the vitamin, and it is imperative that co ^ 
strum, rich in antibodies and vitamin A, should be given at birt , 
otherwise the susceptibility of such animals to infection leads to scours, 
and if the deficiency is not rectified they frequently die of pneumonia 
In practice severe deficiency symptoms arc unlikely to occur in 
adult animals caccpl after prolonged dcpnvauon Grazing animals 
generally obtain more than adequate amounts of provitamin from 
pasiurc grass and normally build up liver reserves If cattle arc fed on 
uUsc or v.cU preserved hay during the winter months, deficiencies arc 
Lil kcly to occur Cases of vitamin A deficiency have been reported 
among catilc fed indoors on high cereal rations, and under these 
cc-d lions a high vitarrin supplcr'cnt is rccotrmcndcd 
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In ewes, in addition to night blindness, severe cases of deficiency may 
result in lambs being born weak or dead. A deficiency is not common 
in sheep, however, because of adequate dietary intakes on pasture. 

In pigs, eye disorders such as xerophthalmia and blindness may 
occur. A deficiency in pregnant animals may result in the production 
of blind, deformed litters. In less severe cases appetite is impaired 
and growth retarded. Where pigs are reared out of doors aud have 
access to green food, deficiencies are unlikely to occur except possibly 
during the winter. Pigs kept indoors on concentrates may not receive 
adequate amounts in the diet and a vitamin A supplement may be 
required. 

In poultry on a diet deficient in vitamin A, the mortality rate is 
usually high. Early symptoms inelude retarded growth, weakness, 
ruffled plumage and a staggering gait. In mature birds egg production 
and hatchability are reduced. Since most concentrated foods present 
in the diets of poultry are low or lacking in vitamin A or its precursors, 
vitamin A deficiency may be a problem unless precautions are taken. 
Yellow maize, dried grass or other green food, or alternatively cod or 
other fish liver oils or vitamin A concentrate, can be added to the diet. 

Vitamin D 

Chemical Nature 

At least ten different forms of vitamin D are known, although not 
all of these arc naturally occurring compounds. The two most im- 
portant forms arc ergocalciferol (Dj) and cholecalciferol (Dj). The term 
Di was originally suggested by the earlier workers for an activated sterol 
which was found later to be impure and to consist mainly of ergo- 
calciferol, which had already been designated Dj. The result of this 
confusion is that in the group of D-vitamins the term vitamin Dj 
has been abolished. The structures of vitamins Dj and D 3 are as 
follows; 


CHj 

CH3._CHCH= 


IfiC 


HO 




CHj CHj 
=CHCH— tiiHCHj 


Niiamin Dj (asocakifcro!) 
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CH3 


CH3 


CH3XHCH2CH2CH2CHCH3 

H2C 11 I 


VilanuD Dj ^cholccalciferol) 


The D-vilamms are insoluble m walcr but soluble in fats and fat 
solvents Both D2 and Dj are more stable 10 oxidation than vitannn A, 
D3 being more stable than D2 


Sources 

The D viianuns are lunited m distribution They rarely occur m 
plants except m sun dned roughages and the dead leaves of growing 
plants In the animal kingdom vitamin D3 occurs in small amounts 
m certain tissues, and is abundant only m some fishes Halibut liver 
and cod liver oils are rich sources of vitamin D3 Egg yolk is also a 
good source, but cows’ milk is normally a poor source, although summer 
milk tends to be richer than wmter miik Colostrum usually contains 
from 6 to 10 limes the amount present in ordmary milk 
Provitamins Reference has been made (Chapter 3) to two sterols, 
crgosterol and 7 dehydrocholcsterol, as bemg precursors of vitamins 
Dz and D3 respectively TTie provitamms, as such, have no vitamin 
value and must be converted into calciferols before they are of any use 
to the aoiraal For this conversion it is necessary to impart a defines 
quantity of energy to the sterol molecule, and this can be brought about 
by the ultra violet light present m sunlight, by artificially produced 
radiant energy or by certain kinds of physical treatment Under 
natural conditions activation is brought about by irradiation from 
the sun The activation occurs most efficiently with bght of wavelength 
between 280 and 297 m/i, so that the range capable of vitamin formation 
IS small The amount of ultra violet radiation which reaches the earth’s 
surface depends upon latitude and atmospheric conditions The 
presence in the atmosphere of clouds, smoke and dust reduces the 
radiaUon Ultra violet radiation is greater m the tropics than m the 
temperate regions, and the amount reaching the more northern areas 
m wmter may be sUght Since ultra violet bght cannot pass through 
ordmary window glass, ammab housed indoors receive httle suitable 
radiauon, if any, for the production of the vitamin Irradiation is 



VITAMINS 


55 


appaiently more cifectivc in, animals with light-coloured skins. If 
irradiation is continued for a prolonged period, then the vitamin may 
itself be altered to compounds which can be toxic. 

The chemical transformation occurs in the skin and also in the skin 
secretions, which are known to contain the precursor. Absorption 
of the vitamin can take place from the skin, since rickets can be treated 
successfully by rubbing cod liver oil into the skin. 

Vitamin D requirements are usually expressed in terms of Inter- 
national Units (I.U.). One I.U, of vitamin D is defined as the vitamin 
D activity of 0 025 fig of crystalline vitamin D 3 . 

Metabolism 

The exact biochemical action of vitamin D in the animal is not 
known, although it appears to facilitate the deposition of calcium and 
phosphorus in bones and to increase the absorption of these elements 
from the intestine. The vitamin is also thought to be concerned in 
citrate metabolism. 

Deficiency Symptoms 

A deficiency of vitamin D in the young animal results in rickets, a 
disease of growing bone in which the deposition of calcium and phos- 
phorus is disturbed; as a result the bones are weak and easily broken 
and the legs may be bowed. In young cattle the symptoms include 
swollen knees and hocks and arching of the back. In pigs the symptoms 
arc usually enlarged joints, broken bones, stiflhess of the joints and 
occasionally paralysis. The growth rate is generally adversely aifected.' 
The term * rickets’ is confined to young growing animals; in older 
animats vitamin D deficiency causes osteomalacia, in which there is 
rcabsorplion of bone already laid down. Osteomalacia due to vitamin 
D deficiency is not common in farm animals, although a similar con- 
dition can occur in pregnant and lactating animals, who require 
increased amounts of calcium and phosphorus. Rickets and osteo- 
malacia arc not specific diseases necessarily caused by vitamin D 
deficiency, but can be caused by lack of calcium or phosphorus or an 
imbalance between these two elements. 

In poultry, a deficiency of vitamin D causes the bones and beak 
to become soft and rubbery; growth is usually retarded and the legs 
may become bowed. Egg production may also be reduced. Most 
foods of pigs and poultry, with the possible exception of fish meal, 
contain little or no vitamin D, and the vitamin is generally supplied to 
c 
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Ihese.n,mals,.rrearM.ndoors..n.hcformofflshl,vero.lsorsyn.h^^^^ 

’’Tr n roi sappie.cni,„6 .he 

vitamm D is probably oot so great a* that for hay m 

ruminants can receive adequate amoun crazing However, 

the winter months, and f'"-" ‘"“‘'“'7 " 

since the vitamin D content of hays ™c lagy ''tthyoaaS 

that vitamm D supplementation may be ‘<'=Mnible. esi«c ally y 
growing animals or pregnant animals <>" »•"' ' t d needs of farm 
a considerable lack of information about the vitamin D needs 
anunals under practical conditions. 

Vitamins Dt and Dj have the same potency for cattle P 
pigs, but vitamin Di has only about l/35th of the potency 

'’°In*New Zealand and Southern Australia young sheep T’''* 

IS retarded during winter months respond to vitamm Da --t-.nni 
An anti-vitamm D factor is suspected, because vitamm 
and phosphorus intakes arc generally normal Carotene i 
have anti-vitamin D activity, although it is thought tha 
be other factors in herbage concerned m the aetiology ol 
dition 

Vitamin E 

Chemical Nature 

Vitamm E is a group name which includes a number of c osc y 
related active compounds known chemically as tocopherols e^c 
naturally occurring active forms of tocopherol are known , of t es 
« tocopherol is the most active and is more widely distributed than e 
other forms The formula for this compound is given below 


CHs 


O CH3 


CHj- 
HO- 



CHj 


CH3 


CH3 


(ch2)jChcch2)3<!:h(ch2)3CH 
CH3 


CH3 


Sources 

Vitamin E is very widely distributed m foods. The best-known 
sources are green leaves and cereal grams, the vitamin being concen- 
trated m the embryo of the gram The amount of the vitamin present 
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m animal products is related to the level of vitamin E in the diet, and 
hence is very variable Synthetic a tocopherol and the acetate are 
available as commercial preparations 
The vitamin E values of foods are stated in terms of International 
Units, one I U of vitamin E being defined as the specific activity of 
1 mg of synthetic racemic a-tocopherol acetate 

Metabolism 

Although the exact biological function of vitamin E is uncertam, 
it is thought to be concerned in many enzyme systems It has been 
suggested that vitamin E may function 

1 as a biological anti-oxidant, 

2 in normal tissue respiration, 

3 in normal phosphorylation reactions, 

4 m metabolism of nucleic acids, 

5 m synthesis of ascorbic acid, 

6 m synthesis of ubiquinone (coenzyme Q) 

Deficiency Symptoms 

Early experiments carried out with rats on vitamin E deficient 
diets showed that the animals failed to reproduce These experiments 
led to the vitamin being originally termed the anti stenhty vitaram 
This term however is misleading and is no longer used, since repro- 
ductive failures do not occur m all species when the vitamin is deficient 
Tabic 5 2 lists some of the conditions associated with vitamin E 
deficiency in dilTerent species 

In young cattle and lambs a deficiency of this vitamin is associated 
with the condition commonly known as muscular dystrophy The con- 
dition is common in the United Kingdom m sucklcr herds m which the 
cows have been wintered on turnips and straw, and is most frequently 
seen in calves up to 3 months of age, tliough older animals may also 
show symptoms Where the heart muscle is alTcctcd, death may be 
sudden without premonitory signs Less severe cases may show symp- 
toms of circulatory and respiraloiy embarrassment on the slightest 
exertion Where the skeletal muscles are afTcctcd, slifincss, unnatural 
postures and conformation abnormalities occur A deficiency of 
Mtanun E may also be induced m cahes by the ingestion of diets rich 
m unsaturalcd fatty acids, such as those containing cxccssi\c amounts 
of cod li\cr oil 
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Since the quantity of vitamin Eprrantm the tusue^omc^ 

calf and m the mother’s mUk is adequate 

follows that pregnant animals should be given diets contain! g 

amounts of the vitamin j»fir.,pncv are vaned, 

Abnormalities m pigs caused by a vitamin E ^efi ^ y 
affected pigs show muscular weakness and severe U 


Table 5 2 


some Conditions Associated with Vilamm E Deficiency 


Condtiion 

1 Reprodiietiie failure 
Embryonic degeneration 
Sterility 


AnW nsmaffuud 


Hen, ewe, female rat 
Code, male rat 


Vascular system 
Male gonads 


2 Muscle degeneration 
Muscular dystrophy 
Stiff lamb disease 
White muscle disease 

Fatal syncopy 


Chick 

Lamb 

Calf, sheep, lamb 
Pig, calf 


Skeletal muscle 
Skeletal muscle 
Skeletal muscle+heart 

muscle 
Heart muscle 


3 Secrotie Iwer degenera- Rat, pig 

tion 

4 Cerebellar degeneration 

Encephalomalacia Chick 


Liver 


Cerebellum 


5 Exudattie diathesis Rat, chick 


Capillary walls 


6 Blood protein destruction Chick Blood 

7 Body liptd degeneration Pig, chick Depot fat oxidative 

rancidity in tnt-o 

has been claimed that sows show low fertility ‘ Fatal syncope JS a 
vitamin E deficiency condition occurring m pigs and calves m w ic 
the heart muscle is affected and sudden death may occur 
Nutntional encephalomalacia or * crazy chick disease ’ may also 
occur m chicks on vitamin E deficient diets This is a condition in 
which the chick is unable to walk or stand, and is accompanied by 
haemorrhages and necrosis of the brain In preventing nutntional 
encephalomalacia vitamin E appears to function as a biological anti- 
oxidant, since the condition can be completely prevented in chicks 
on vitamin E deficient diets by adding cither synthetic antioxidants or 
vitamin E 


Vilanim E and Selenium 

It has recently been shown that most enzootic muscular dystrophies 
(myopathies) in sheep and cattle can be prevented by admmistenng 
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either trace amounts of selenium or vitamin E. Similarly, dietary 
necrotic liver degeneration in the rat and exudative diathesis in the chick 
can be prevented by administering either substance. Selenium, 
however, is ineffective in preventing nutritional encephalomalacia 
in the chick or muscular dystrophy induced in farm animals by dietary 
fats rich in unsaturated fatty acids. 

The exact interrelationship between the vitamin and selenium is not 
known, but it is clear that the element is not concerned with all the 
functions of vitamin E. Selenium itself is a very toxic element and it is 
unwise to use it routinely as a dietary additive. The toxic nature 
of selenium is discussed in the next chapter. 


Vitamin K 

Vitamin K was originally discovered in 1935 to be an essential factor 
in the prevention of haemorrhagic symptoms produced in chicks. 
The discovery was made by a group of Danish scientists who gave the 
name ‘ Koagulation Factor * to the vitamin, which became shortened 
to the K factor and eventually to vitamin K. 


Chemical Nature 


A number of compounds are known to have vitamin K activity. The 
most important naturally occurring compound is vitamin Ki (phylo- 
quinonc), which is chemically 2-methyl-3-phytyl-l, 4-naphthoquinone. 
A naturally occurring naphthoquinone compound of slightly different 
structure is designated vitamin K 2 . A number of synthetic compounds 
possessing vitamin K activity have been produced, and one of these, 
menadione or menaphthone (2-mcthyl-l,4-naphlhoquinone), is known 
to be about 3*3 limes as potent, biologically, as the naturally occurring 
vitamin Kj. It is thought that the relative effectiveness of the different 
vitamins K is related to their capacity for conversion into menadione 
in the animal body. The chemical structure of menadione is shown 
below; 



Meiuiltonc 

(2>mclh>I*l,4'iuphthoquinonc) 
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v.mmms K. and K. are ■““'“'’f “ "ndthrpSperty 

Menadione however is slightly solubl ’ ’j absorption 

may have an ” reCrsmWo at ordinary 

from the digestive tract Vitamins K arc relative y 
temperatures but are rapidly destroyed on exposure to 


"wlnKiispresentin most green learymatenalslu^^^^^^^^^^ 

and kale being good sources The amounts presc 
origin are usually related to the diet, but egg was 

generally good sources Vitamin Kr rs synthesised by bacteria 
onginally isolated from putrefied fish meal 


Metabolism ^ 

The exact function of vitamin K m and 


The exact function of vitamin K m meiaooiism « . 

It has been postulated that it has a role in elec ron 
oxidative phosphorylation The vitamin is orocess 

formation of prothrombin, important in the blood-clotting proce 


Deficiency S}mptotns 


Symptoms of vitamin K deficiency have not been reported 
mts or pigs under normal conditions, and it is generally co 


ants or pigs under ^ vitamin 

that bacterial synthesis in the digestive tract supphes sufficien 
for the animal’s needs A number of micro organisms are . 

synthesise vitamin K, including Escherichia colt A disease oJ 
called ‘sweet clover disease’ is associated with vitamm K m 
spoiled sweet clover {Mehlotus albus) contains a compound, dicoumar , 
which lowers the prothrombin content of the blood The disease can ^ 
overcome by administering vitamm K to the animals For this reaso 
dicoumarol is sometimes referred to as an ‘ anti-vitamin 

The symptom of vitamin K deficiency in chicks is a delated clotting 
time of the blood , birds arc easily injured and may bleed to deat 
Although chicks may show these haemorrhagic symptoms, mature 
birds do not The mam source of vitamin K among poultry foods is 
green food, and 2 5 per cent dried ^ass m a breeder’s diet permits 
a marginal carry-over to the chicks 


Vitamin B Complex 

The vitamins included under this heading all have the property of 


being soluble in water, and most of mmnonents of enzvme 
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systems Except for nicotinamide, an exogenous source of these 
vitamins is required, although microbial synthesis in the digestive 
tract can supply part of the requirements of monogastrio animals, 
and under normal conditions the total requirements of ruminants 
Deficiency symptoms do occur in pigs and poultry, but m practice it is 
difficult to isolate a particular vitamin as being the cause of a deficiency 
condition, as many of the symptoms produced are not specific and the 
troubles are frequently of multiple origin (Plate I) All these vitamins 
are available commercially 


THIAMINE 

Chemical Nature 

Thiamine (aneurme, vitamin Bi) is a complex nitrogenous base 
containing a pynmidme ring joined to a thiazole ring 


CH, 


N NH2HCI 

Cl 


\. 


-CH2CH20H 

CHj 


Thiamme chloride hydrochloride 


Because of the presence of a hydroxyl group at the end of the side- 
chain, thiamine can form esters The mam ester is thiamine pyro- 
phosphate, also known as cocarboxylase The vitamin is very soluble 
m water, and has a cliaracterislic odour and ‘ meaty ' flavour It is 
fairly stable in mildly acidic solution but readily decomposes m neutral 
solutions 


Sources 

Thiamine is widely distributed in foods Brewers* yeast is a rich 
source The vitamin is concentrated m the germ of cereal gram and is 
also present m the alcurone layer Other good sources include beans, 
peas and green leafy crops Animal products rich m thiamine include 
egg yolk, liver, kidney and pork muscle The synthetic vitamin is 
obtainable and is usually marketed as the hydrochloride 

Afe/abofis/n 

Thiamine pyrophosphate is a coenzyme which is invoiced in the 
'oxidative dccarboxjlation of pyruvic acid When the vitamin is 
deficient there is an accumulation of pyruvic acid and of its reduction 
product, lactic acid, m the tissues 
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Deficiency Symptona loss 

Early symptoms of thiamine deficiency m most j 

of appetite, emaciation, muscular weakness and a pr g ^ j 

funcuL of the nervous system Nerve cells are Pff 
upon the utilisation of carbohydrates, and for this growth 

deficiency is mote serious in nerve tissues In pigs, appe jatory 

ate adversely affected, and the animals may vomit and have r p 

troubles and 

Chicks reared on thiamine deficient diets have poor pp 
are consequently emaciated After about ten days y 
polyneuritis, which is characterised by nerve degener 
paralysis , , _ -oj. 

Because thiamine is fairly widely distributed m foo s, an 
ticular because cereal grains are rich sources of the vitamin, pi 
poultry are in practice unlikely to suffer from thiamine deficiency 
Since microbial synthesis occurs m ruminants and m 
species are unlikely to show thiamine deficiency, although 
have been reported m horses that have eaten Pieridium i » 
bracken which contains a thiamine antagonist (thiaminase) 
also contains thiaminase, which destroys the thiamine of foo s 
which the fish is mixed The activity of the thiaminase, however 
destroyed by cooking 

RIBOFLAVIN (RIDITYLFLAVINE VITAMIN B2) 

Chemical Nature 

Riboflavin consists of a dimethyl isoalloxazme nucleus combined 
with Tibose It has the following structure 


OH OH OH 
CHr-C — C — C— CH2OH 

I 1 I 

H H H 


CH3 


N N 


O 


Ribonavui 




Plate II Effect of iibofiavm deficiency in the chick s diet (p 63) Note the 
curled toe paralysis and the typical sitting posture 




Plate III Clubbed down m a 19 day old chick embryo, rcsulling from a 
deficiency of riboflavin in the diet of the breeding hen (p 63) 
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It is a yellow, crystalline compound, which has a yellowish-green 
fluorescence in aqueous solution. Riboflavin is only sparingly 
soluble in water; it is heat-stable in acid or neutral solutions, but is 
destroyed by alkali. It is unstable to light, particularly ultra-violet 
light. 


Sources 

Riboflavin is widely distributed in foods, although cereal grains 
are poor sources. Rich sources are yeast, liver, milk (especially whey) 
and green leafy crops. 


Metabolism 

Riboflavin is an important constituent of the flavoproteins (yellow 
enzymes). The prosthetic group of these compound proteins contains 
riboflavin in the form of the phosphate (flavin mononucleotide or 
FMN) or in a more complex form as flavin adenine dinucleotide 
(FAD). There are at least ten flavoproteins which function in the 
animal body; they are all concerned with chemical reactions involving 
the transport of hydrogen, Their-importance in carbohydrate meta- 
bolism Is discussed in Chapter 9. 


Deficiency Symptoms 

In pigs, deficiency symptoms include poor appetite with consequent 
retardation in growth, vomiting, skin eruptions and eye abnormalities. 
Chicks reared on a riboflavin-deficient diet grow slowly and develop 
* curled toe paralysis *, a specific symptom, caused by peripheral 
nerve degeneration, in which the chicks walk on their hocks with the 
toes curled inwards (Plate II). In breeding hens, a deficiency results in 
decreased hatchability. Embryonic abnormalities occur, including the 
characteristic ‘ clubbed down ’ condition m which the down feather 
continues to grow inside the follicle, resulting in a coiled feather 
(Plate III). 

Since cereals are poor sources of riboflavin but generally form the 
major part of the diet of pigs and poultry, deficiency troubles may 
occur in practice. In poultry the requirement decreases with age 
and chicks may recover from symptoms even though the diet is not 
altered. Because of bacterial action, poultry droppings arc frequently 
richer in riboflavin than the diet. This is of great significance with floor 
brooding where chicks ha>e access to the droppings. 
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NICOTINAMIDE 


Chemical Nature 

N.co..nam,de .s the ant.de denvauv. -f f esmb- 

acd .tself ts frequently descr.bed as the vrlamm b - 
lished that the compound functioning in the ^ „,„o 

but the amide The relationship belnreen J 

acid tryptophan, which can act as a precursor, is shown below 



Niwtinio acid Nicotinamide Tryptophan 

Nicotinamide is a stable vitamin and is not easily destroyed by beat, 
acids, alkalis or by oxidation 


laowrcw t, v. dv 

Nicotinic acid can be synthesised from tryptophan m ^ ® ^ 

tissues, and since animals can convert the acid to the amide, it 
that if the diet is adequately supplied with proteins rich m tryp op » 
then the dietary requirement for the vitamin itself should be low or e ^ 
ml Rich sources of mcotmic acid and the amide derivative are yeas , 
Uver and sunflower meal Although cereal grams contain the vitaitun, 
much of It IS present in a bound form which is not readily aval a e 
to pigs and poultry 

A/cm6o/ijm 

Nicotinamide functions in the animal body as the active group of 
two important coenzymes nicotinamide adenine dmucleotide (NALi; 
and nicolinanudc adenine dmucleotide phosphate (NADP) 
coenzymes, onginally known as diphospho pyndme nucleotide (DrlNj 
and tnphospho pyndme nucleotide (TPN), are involved m the 
mechamsm of hydrogen transfer in living cells (see Chapter 9) 

Deficiency Symptoms 

In pigs, deficiency symptoms include poor growth, enteritis and 
dermatitis In fowls a deficienqr of the vitamin causes ‘ black tongue , 
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characterised by inflammation of the mouth cavity and the upper 
part of the oesophagus. 

Most diets contain adequate amounts of nicotinamide or its pre- 
cursor, tryptophan Deficiency symptoms are likely in pigs and 
poultry where diets with a high maize content are used, since maize 
contains very little of the vitamin or of tryptophan 


VITAMIN Bfi 

Chemical Nature 

The vitamin exists in three forms which are interconvertible in the 
body tissues The parent substance is known as pyndoxine, the 
conespondmg aldehyde derivative as pyndoxal and the amine as pyrid- 
oxanune The term vitamin is frequently used to describe the 
three forms 



The amine and aldehyde derivatives are less stable than pyndoxine 
and are destroyed by heat 


Sources 

The vitamin is widely distnbuted, and yeast, liver, milk, pulses and 
cereal grains are rich sources 

Metabolism 

Of the three related compounds, the actively functioning one appears 
to be pyndoxal, m the form of the phosphate Pyndoxal phosphate 
serves as a coenzyme involved m a number of reactions, including 
the decarboxylation of ammo acids and transaminating mechanisms 

Deficiency Symptoms 

In pigs, a deficiency adversely affects the appetite and growth rate 
and may result m anaemia and convulsions Chicks on a deficient 
diet grow very slowly and their movements are jerky, convulsions may 
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occur in adult buds hatchabih.y and CK f^rm ^ ®a1s 

In practice, vitamin B<i deficiency is unlikely to occur in 
because of its fairly wide distribution 


PANTOTHENIC ACID 


Chemical Nature 

Pantothenic acid is a dipeptide derivative 
formula 


and has the following 


CHj OH 

HOCHi-C CH— CONHCH 2 CH 2 COOH 

ini 


Pantothenic aad 


The two components of pantothenic acid arc dihydroxy dune y 
butync acid and the ammo acid, P alanine 


Sources . ^ ^ 

The vitamin is widely distributed, indeed the name is 
the Greek pantothen, ‘ from everywhere indicating its ub q 
distribution Rich sources are liver, egg yolk, 8''"“'’'*™“’ J ’ 
yeast and molasses Cereal grams are also good sources of tn 


Metabolism 

Pantothenic acid is a constituent of coenzyme A which is the im 
portant coenzyme of acyl transfer Chemically, coenzyme is 
phospho adenosine 5 diphospho pantetheine (on facing page) 

The importance of coenzyme A m metabolism is discusse i 
Chapter 9 

Deficiency Symptoms 

Deficiency of pantothenic acid in pigs causes slow growth, diarrhoea, 
loss of hair, sealmess of the skm and a characteristic ‘ goose stepping 
gait, m severe cases ammals arc unable to stand In the chick, gro 
is retarded and dermatitis occurs (Plate IV) In mature birds, hatch- 
abihty is reduced Pantothenic acid, like all the B-complex vitamins, 
can be synthesised by rumen micro organisms, Eschericia colt for 
example is known to produce this vitamin Pantothenic acid deficiencies 
are considered to be rare in practice because of the wide distribution o 
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NHz 



Cocnzymc A 


the vitamin, although deficiency symptoms have recently been reported 
in commercial Landrace pig herds. 

FOLIC ACID 

Chemical Nature 

Some confusion has arisen In naming this vitamin, since at least 
three associated compounds have vitamin activity. It has recently 
been suggested that the term * folic acid * be retained as a group name 
to describe the ptcroylglutamates, and that the vitamin originally 
known as folic acid should be renamed * ptcroylmonoglutamic acid *. 
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The other two wtacJcontain three 

tngtatamic acid and pteroylheplaglutarmc aci . 
and seven glutamic acid residues respectively 

The formula for pteroytaionoglutamic acid as f 


NHz N 

V 


1 

OH 


COOH 

-CHr-NH-Oi-CONHCHCHrCHrCOOH 


Pteroyimonoglutannc acid 


This vitamin contains p ammobenzoic acid as a 
ent This compound was onginally classed as a 
but is DOW known to be only a precursor of the pteroy gl 


Folic acid IS widely distributed m foods and is particularly 
m green leafy foods, liver and yeast Cereals and soya bean a 
good sources 


Jlfetcfcoiiim j. 

Folic acid IS concerned with enzyme systems controlUng the tran 
of hydroxymethyl groups and formyl residues The formate urn 
used m the biosynthesis of ounnes. serine and glycine 


Deficiency Symptoms . 

A deficiency of foUc acid in animals is characterised by 

anaemia and poor groi^th With the exception of young chicks, o^^ 

acid deficiency symptoms rarely occur in farm animals because ^ 
synthesis by intestinal bactena Prolonged oral administration o 
sulpha drugs is known to depress bactcnal synthesis of folic acid an 
deficiency symptoms may be induced by medication of this km 
Rcccnily it has been shown that folic acid is produced m germ 
free rats, which suggests that it can be formed m the antma 
body 
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BIOTIN 


Chemical Nature 

Biotm has the following chemical structure 


O 


C 

/ \ 

HN NH 




HC 1 

H 2 C dlH— (CH2)4— COOH 


Biotin 

Sources 

Biotm IS Widely distributed m foods, liver, yeast, milk, cereals and 
vegetables are nch sources 


Metaboitsm 

The exact metabolic function of this vitamin in the animal is not 
fully understood, but it is known to have a role m fat synthesis It 
has been recognised for some time to be a growth factor for yeasts 
and some other micro-organisms, and js thought to play a part in 
carbon dioxide fixation It is suggested that biotm is a component 
of an energy-rich ADP-biotin enzyme complex important in carboxyl- 
ation reactions Egg white is known to contain a protein, avidin, which 
inactivates biotm and can lead to deficiency symptoms The condition 
has been described as * egg white injury * 

Deficiency Symptoms 

Deficiency symptoms have been produced m chicks and pigs by 
giving experimental diets containing raw egg white or sulpha drugs 
Symptoms include dermatitis and loss m weight (Plate V, facing p 92) 
Since biotm is synthesised m the abmentary tract by micro-organisms, 
there is seldom a need for a dietary source 


CKOUNC 

There is considerable doubt whether choline should be classed as a 
vitamin, since it can be replaced m the diet by other compounds such 
as methionine and betame Furthermore choline is present m most 
foods m amounts many times greater than any of the other vitamins 
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The chemical struclure of choline is given below 
CHj OH 

CHj— N 

Ch/ ^CHiCHiOH 
Choline 

Choline IS a fairly stable vitamm under normal ‘ 

It IS a component of lecithins leafy fflLnals. 

sources of these phospholipids (see Chapter ) 
liver, yeast and cereals are nch source 

Choline contains three labdc methyl Methyl 

on to other organic compounds Betaine riso has 
groups, while methiomne has only one This denvaUvc of 

ation IS very important in many metalmhc , ^impulses 

choline, acetylchohnc, is important m thetransmission of ne P 

"tSc?ri:l^ms,mcludmg slow growth and fally — 

the liver, have been produced m chicks and pigs 

cemed with the prevenuon of perosis or shpped vitamin. 

The chobne requirement of animals is unusually large f 

but in spite of this, deficiency symptoms are not common i 

animals because of us wide distribution 


VITAMIN Bi2 

It has been known since 1926 that pernicious anaemia in man W 
be alleviated by feeding with raw liver The substance in liver respo ^ 
ible for this was referred to as the * anti pernicious anaemia ac o ^ 
or APA It was also well known that chicks required animal^pro ci ^ 
m their diets m order to mamtain adequate growth The term 
protein factor * (APF) was used to desenbe this substance, w 
occurred only m foods of animal ongin In 1948 the isolation ® ^ 

APA factor was reported and it was given the name vitamin i 2 » 
Inals with chicks showed that Bu was also important as a constitucn 
of APF It was later shown, however, that vitamin Bu was not t e 
only factor concerned in the prevention of pernicious anaemia u 
patients sufTcnng from this condition the absorption of B 12 from l c 
gastro-inlcstinal tract is impaired owing to the absence of an ‘ intnDsic 
factor * normally secreted m the gastne juice It is believed that, 
although Bi 2 is the mam component of APA and APF, other unknown 
consutuents are also present in them 
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Chemical Nature 

Several forms of the vitamin are known. The name vitamin B12 
(or cyanocobalamin) is restricted to the cyanide derivative, and the 
structure is shown below: 

CONH. 

1 



Viunua B|2 
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Th= most interesting feature of 

cobalt The cyanide ion may be rcpl y ^ Jj^^otjalamin or 
hydroxyl (hydroxycobalaram or ^ „bam.d= co- 

B,,J A cocnzyme containing the vitamin, nam 

adenosine molecule is replaced by the anion 


Vitamin Bu la synthesised almost exclusively ™“°'°^a!Siial 
and ns presence m foods is Aonght to be olt™atety of 
ongin The mam natural sources of the vitamin arc foo 
onmn liver bemg a particularly nch source Its occurrence in ^ 
plants IS still controversial, smee many thmlc that ite 
mounts may result from cootammauon with bactena or 
remains 


Metabolism 

Cobanude coenzymes are important m many meiabobc ‘ 

Of great significance m ruminant animals is Ibe cobamide 
important m the transformation of mclhylmalonyl coenzyme ^ 
succinyl coenzyme A m propionic acid metabobsm (see Chapter ; 
cobamide coenzyme is also important in the melhylation o 
cysteine to form methionine 


Deficiency Symptoms 

Deficiency symptoms in farm animals generally mamfest themselves 
as depressed growth rates In hens a deficiency causes poor hate 
ability Vitamin Bu is required by ruminants, but a dietary sourw is 
not essential provided cobalt is present m the food, since micro la 
synthesis in the rumen provides adequate amounts (see Chapter 6) 
Intestinal synthesis occurs in pigs and poultry Orgamsms have 
been isolated from poultry ezcrcta which synthesise vitamin Bu. a*'® 
this has an important practical beanng on poultry housed on the deep 
or built up litter system, where part, if not all, of the vitamin require- 
ments can be obtained from the litter 
U IS frequently slated that vitamm Bu is a dietary essential for pigs 
reared indoors on all plant diets Results of feedmg experiments how- 
eser hai.c been variable, and it seems likely that growth response to 
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Bi 2 supplementation of vegetable diets depends on the rate of intestinal 
synthesis, the storage level of the vitamin and the protein content of 
the diet. 


OTHER GROWTH FACTORS INCLUDED IN THE VITAMIN fl 
COMPLEX 

A number of other chemical substances of an organic nature have 
been included in the vitamin B complex. These include inositol, 
orotic acid and pangamic acid, but it is doubtful if these compounds 
have much practical significance in the nutrition of farm animals. 

Other factors which appear to he of some significance in poultry 
nutrition are the grass factor, whey factor and fish factor. The evidence 
for these has been obtained from growth responses in feeding trials 
and from hatchability studies. 

Vitamin C 

Chemtca! Nature 

Vitamin C is chemically known as L-ascorbic acid and has the 
following formula: 

o=c— I 

HO— C 

II O 

HO— C I 
H-J 

HO— i— H 

I 

CH2OH 

L-ascorbic acid 

The vitamin is a colourless, crystalline, water-soluble compound 
having acidic and strong reducing properties. It is heat-stable in acid 
solution but is readily decomposed in the presence of alkali. The 
destruction of the vitamin is accelerated by exposure to light. 

Sources 

Well-known sources of this vitamin are citrus fruits and green leafy 
vegetables. Synthetic ascorbic acid is available commercially. 
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ac .. oAiaaHou 

play an important part in vanous oxidation reductio 
m l!vmg cells With the exception of the ® acfd 

all animals can synthesise ascorbic acid from the U g 
present in their tissues 

Deficiency Symptoms ^ 

Farm animals do not require a dietary source of this vitamin 
deficiency symptoms are therefore unknown 

Hypervitaminosjs 

Hypervitaminosis is the name given to patholopcal 
resulting from an overdose of viumms Under natural con 
unlikely that farm ammals will receive excessive doses “f 
although where synthetic vitamins ate added to diets there is , 

risk that abnormally large amounts may be ingested if errors are m 
dunng mixing There is experimental evidence that toxic symp 
can occui it animals ate given excessive quantities of vilamm A o 
Most of these experunenis have been earned out with rats, nt 
symptoms of hypervitaminosis A include impaired growth, emwia i * 
anaemia and bone fractures Excessive intakes of vitamin ^ 
abnormally high levels of calcium and phosphorus in the b oo , 
resulting m the deposition of calcium salts m the arteries and organs 
Symptoms of hypervitaminosis Dj have been noted m cattle an 
calves 

Depression m growth and anaemia due to excessive doses of menadione 
(synthetic vitamin K) have been reported 
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MINERALS 

It is known that there are about 40 mineral elements which occur 
regularly in animal tissues. Many of these however arc thought to be 
present merely because they are constituents of the animal’s food, 
and certainly some of them do not appear to serve any essential func- 
tion in the animal’s metabolism. The term * essential mineral elements * 
is therefore restricted to those mineral elements which have been proved 
to have a metabolic role in the body. Before an element can be classed 
as essential it is generally considered necessary to prove that purified 
diets lacking the element cause deficiency symptoms in animals, and 
that these symptoms can be cured or prevented by adding the element 
to the experimental diet. Most research on mineral nutrition has been 
carried out in this way, but unfortunately some of the mineral elements 
required by animals for normal health and growth are needed in such 
minute amounts that the construction of purified diets is often difficult 
to achieve. Fifteen mineral elements are known to be essential, and 
there is some evidence, though it is not conclusive, that four other 
elements may also be essential. 

The mineral elements are usually divided into two groups according 
to the concentration present in the animal body. These groups are 
termed major or macro-elements and trace or micro-elements. The 
essential mineral elements and their approximate amounts in the animal 
body are given in Table 6.1. The trace elements are present in the 
animal body in a concentration not greater than 1 part in 20,0(X); 
because of this low concentration the quantities present in animal 
or plant tissues are frequently expressed in terms of parts per million 
(ppm) rather than as percentages. 

The study of animal mineral nutrition is a complex one, and although 
it is convenient to discuss each element individually, many function 
in the body in pairs or groups. 

Some minerals occur as structural components, and a number act 
as enzyme activators. Many elements, such as iron and potassium, 
arc known to occur in every cell in the animal body and clearly play a 
fundamental role in cell metabolism. Some elements, notably calcium 
and molybdenum, may interfere with the absorption and activity of 
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other dements This interaction of ”'“^ *^balance "of mineral 
Iportant factor m annual “"f .'iportant tn the 

tro^-:;:irnSoU;a^m^ 

associated with minerals whose exact cause is still unkno 


Tablx 


Major 

Calaum 

Phosphorus 

Potassium 

Sodium 

Chlonae 

Sulphur 

Magnesium 


St Essential Mineral EIcmenB 

(iinccntrationa m the Animal Body 


and their Approximate 


Essential Elements 


Probably Essential 
Elements 


Per cent Trace 
1 5 Iron 
1 0 Zme 
0 2 Copper 
0 1$ Manganese 
0 It Iodine 
0 15 Cobalt 
0 04 Molybdenum 
Selenium 


ppm 
20-80 
10-50 
1 5 

0 2-0 5 
0 3-0 6 
002-0 1 
14 


Trace 

Fluorine 

Bromine 

Barium 

Strontium 


Many of the essential elements can also be classed as 
since if they are given to the animal m excess they a 
even fatal This is particularly true of copper, selen: 
and fluonne Copper and fiuonne are cumulative 
ammal body is unable to excrete ihem efficienlly, 
these elements given m excess of the animars daily — 
produce toxic symptoms Supplementation of any diet with nunc 
should always be earned out with great care and the mdiscnmma 
use of trace elements m particular be avoided 

Major Elements 

CALCIUM 

Calcium IS the most abundant mineral element in the ammal body 
It IS an important constituent of the skeleton and teeth, in which abou 
99 per cent of the total body calaum is found, and in addition it is an 
essential constituent of most livmg cells and tissue fluids It functions 
m the regulation of the exatability of the nervous system, it is necessary 
for the normal action of skeletal and heart muscle, and it is conceme 
in the coagulation of blood In blood the element occurs m the 


toxic minerals 
be harmful and 

n, molybdenum 

iisons, since the 
nail amounts of 
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plasma, none being present in the cells. The plasma of animals usually 
contains from 8 to 12 mg calcium per 100 ml, although that of laying 
hens contains more. 

Composition of bone. Bone is highly complex in structure, the dry 
matter consisting of approximately 46 per cent, mineral matter, 36 per 
cent, protein and 18 per cent. fat. The composition varies, however, 
according to the age and nutritional status of the animal. Calcium 
and phosphorus are the two most abundant mineral elements in bone; 
they are combined in a form similar to that found in the mineral 
fluorapatite ( 3 Ca 3 (P 04 ) 2 'CaFi). The fluorine may be replaced by an 
OH or CO 3 radical in bone. Bone ash contains approximately 36 per 
cent, calcium, 17 per cent, phosphorus and 1 per cent, magnesium. 

The skeleton is not a stable unit in the chemical sense, since large 
amounts of the calcium and phosphorus in bone can be liberated by 
resorption. This takes place particularly during lactation and egg 
production, although the exchange of calcium and phosphorus between 
bones and soft tissue is always a continuous process. This resorption 
of calcium is controlled by the action of the parathyroid gland. If 
animals are fed on a low calcium diet, the parathyroid gland is stimu- 
lated and the hormone produced causes resorption of bone, liberating 
calcium to meet the requirements of the animal. Since calcium is 
combined with phosphorus in bone, the phosphorus is also liberated 
and excreted by the animal. 

Deficiency Sympto?ns 

If calcium is deficient in the diet of young growing animals, then 
adequate bone formation cannot occur and the condition known as 
rickets is produced. The symptoms of rickets are misshapen bones, 
enlargement of the joints, lameness and stiffness. In adult animals 
calcium deficiency produces osteomalacia, in which the calcium in the 
bone is withdrawn and not replaced. In osteomalacia the bones become 
weak and are easily broken. In hens, deficiency symptoms are soft 
beak and bones, retarded growth and bowed legs; the eggs have thin 
shells and egg production may be reduced. The symptoms described 
above for rickets and osteomalacia arc not specific for calcium and can 
also be produced by a deficiency of phosphorus, or an abnormal 
calcium:phosphorus ratio, or a deficiency of vitamin D. It is obvious 
that a number of factors can be responsible for subnormal calcification. 

Milk fever (parturient paresis) is a condition which most commonly 
occurs in dairy cows shortly after calving. It is characterised by a 
lowering of the serum calcium level, muscular spasms, and in extreme 
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cases paralysis and unconsciousness It is 

calcium level (bypocalcacmia) may bo ^ f ce,uire- 

being unable to mobdise sufficient calmm „r ^J.ood 

ments of the animal for milk production , , ^ gluconate, 

calcium can be restored by intravenous injections of calcium gl 
but this may not always have a permanent ellect 


Sources of Calcium , -^uj-res 

Milk and green leafy crops, especially ^ f „ducts 

of calcium, cereals and roots are poor sources Amm^’ ^ uxcel- 
contaming bone, such as fish meal, and meat farm 

lent sources Mmeral supplemenu which are freque y P 
animals, especially lactating animals and laying >>005 -m jJ g 
limestone, steamed hone flour and dicalcium p P 
calcium phosphate is given to ammals it is important 
fluorine is absent, as otherwise this supplement may be toxic 

Calcium Phosphorus Ratio nntider 

In giving calcium supplements to ammals it is ® ® , .„.jo 

the calcium phosphorus ratio of the diet since an -..g 

may be as harmful as a deficiency of either element m the diet 
calcium phosphorus ratio considered most suitable jj, 

other than poultry is generally within the range 1 1 to 2 1 ^ 

portion of calcium for laying hens is much larger, since ^ey r ^ 
great amounts of this element for eggshell production The W 
IS usually given to laying hens as ground limestone mixed with the 
or alternatively calcareous gnt may be given ad lib 


PHOSPHORUS 

Phosphorus is closely associated with calcium m the animal body 
In addition to its presence ra bone it occurs in phosphoprotems, nuc eic 
acids and phospholipids The clement plays an important part in 
carbohydrate metabolism m the formation of hexosephosphates an 
adenosine di and tii phosphates The phosphorus content of t e 
ammal body is rather smaller than the calcium content Whereas 
99 per cent of the calcium found in the body occurs in the bones an 
teeth, the proportion of the phosphorus m these structures is about 
80 per cent, of the total The amount of phosphorus present in blood 
serum is usually within the range 4 to 12 mg per 100 mL 
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Deficiency Syntploms 

Since phosphorus is required for bone formation, a deficiency can 
cause rickets or osteomalacia. ‘ Pica * or depraved appetite has been 
noted in cattle when there is a deficiency of phosphorus in their diet; 
the affected animals have abnormal appetites and chew wood, bones, 
rags and other foreign materials. Pica is not specifically a sign of 
phosphorus deficiency since it may be caused by other factors. Evi- 
dence of phosphorus deficiency may be obtained from an analysis of 
blood serum, which would show a phosphorus content lower than 
normal. In chronic phosphorus deficiency animals may have stiff 
joints and muscular weakness. Low dietary intakes of phosphorus 
have also been associated with low fertility and low milk yield in cows 
and with stunted growth in young animals. Phosphorus deficiency 
is usually more common in cattle than in sheep, as the latter tend to 
have more selective grazing habits and choose the growing parts of 
plants which happen to be richer in phosphorus. 


Sources of Phosphorus 

Milk, cereal grains, fish meal and meat products containing bone are 
good sources of phosphorus ; the content in hays and straws is generally 
very low. Considerable attention has been paid to the availability of 
phosphorus. Much of the element present in cereal grains is in the 
form of phytates, which arc salts of phytic acid, a phosphoric acid 
derivative: 



Phytic acid 


OH 

I 

— O— P=0 

f 

OH 


Insoluble calcium and magnesium phytates occur in cereals and other 
plant products. Experiments with chicks have shown that the phos- 
phorus of calcium phytatc is utilised only 10 per cent, as effectively as 
disodium phosphate. In studies with laying hens, phytate phosphorus 
was utilised about half as well as dicalcium phosphate. In pigs some 
of the phytatc phosphorus is made available in the stomach by the 
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act. 0.1 of plant phytasc 

been shown w,th sheep that hydroWM O^ ^ 

occurs m the rumen , of phosphorus, although 

utrhsed by ruminants as rcadi y j „,o ii,at the availability of 

studies using radioactive isotopes ind.imte tbat tn 
phytate phosphorus may range from 33 to 90 per 

POTASSIUM 

Potassium plays a very important pact, “'“"® *‘‘'}®^^‘™dy’'tlmds 
and bicarbonate ions, in the '^tdatmn^onhejo 

Whereas sodium IS the mam mor^m -„,,nn of cells Potassium 

fluids, potassium functions principally as the cation of 

“ays an rmportant part in nerve and muscle excitability, and 

concerned in carbohydrate metabolism 

Deficiemy Sympiom amount 

The potassium content of plants is S'"'™' ^ above 2 5 

present m grass dry malter, for example, being frec^uently 
pet cent , so that it is normally ingested by animals 
than an; ether element Consequently ,t ts “1,1, 

potassium deficiency could occur m farm “"acandil ons, 

conditions No eases have ever been reported under larminscondil 

although deficiency symptoms have been produced m chi 
experimental diets low m this mineral Symptoms in „ y 

retarded growth, weakness and tetany, followed by death 
symptoms, mcluding severe paralysis, have also been recor 
calves fed on synthetic milk diets low in potassium m the 

A dietary excess of potassium is normally rapidly excreted iro 
body, chiefly m the urine Some workers believe that high iota es 
the element may interfere with the absorption and metabohsm ° ^ 
nesiummtheanimal.whichmaybc an important factor m the aetio ogy 
of hypomagnesaemic tetany 


SODIUM 

Most of the sodium of the animal body is present in the soft tissues 
and body fluids Like potassium, sodium is concerned with the aci 
base balance and osmotic regulation of the body fluids 

Sodium IS the chief cation of blood plasma and other extra cellular 
fluids of the body The sodium concentration within the cells is 
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relatively low, the eleaient being replaced largely by potassium and 
magnesium. Much of the sodium is ingested in the form of sodium 
chloride (common salt), and it is also mainly in this form that the 
element is excreted from the body. Many experiments have been 
carried out to determine the salt requirements of different animals, 
and there is evidence that sodium rather than chlorine is the chief 
limiting factor in salt-deficient diets of sheep and cows. 

Deficiency Symptofns 

A deficiency of sodium in the diet retards the growth of animals and 
reduces the utilisation of digested proteins and energy. In hens, 
egg production is adversely affected as well as growth. Experiments 
carried out on rats fed on low-sodium diets resulted in eye lesions, 
reproductive disturbances and finally death. 

Sources of Sodium 

Most foods of vegetable origin have comparatively low sodium 
contents; animal products, especially meat meals and foods of marine 
origin, are richer sources. The commonest mineral supplement given 
to farm animals is common salt. 

CHLORINE 

Chlorine is associated with sodium and potassium in acid-base 
relationships and osmosis. Chlorine also plays an important part 
in the gastric secretion, where it occurs as hydrochloric acid as well as 
chloride salts. Chlorine is excreted from the body in the urine and is also 
lost from the body, along with sodium and potassium, in perspiration. 
Experiments with rats on chlorinc-dcficicnt diets showed that growth 
was retarded, but no other symptoms developed. 

Sources of Chlorine 

With the exception of fish and meat meals, the chlorine content of 
most foods is comparatively low. The chlorine content of pasture 
grass varies widely and figures ranging from 0-003 per cent, to 0*342 
per cent, have been reported. The main source of this clement for most 
animals is common salt. 

Common salt. Since plants tend to be low in both sodium and 
clilortnc, it is the usual practice to give common salt to herbivores. 
Unless salt is available deficiencies arc likely to occur in both cattle 
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aRd sheep Experiments carrjed ^ ^ Txhibrimmrdia” e 

salt deficient diets showed ‘"a amimls d.d^not 

t^hrlndtalemTmy pSct.on The addition of salt to the diet 

^tutUri^uXdietofhe^ 

feather picking and eanmbahsm Salt “ f salt is re- 

vegetable diets, but if fish meal is giv although the product 

dneed Swill can also be a rich source of “ J^h salt 

IS very variable and can contain excessive amoun T 

in the diet is definitely harmful and eauses and 

weakness and oedema Salt poisoning is quite common ^^g^ 

poultry, especially where fresh dnnlang water i 

concentration of salt in the diet of hens exceeds 4 p 

supply of drinking water is limited, then death may 

tolerate larger amounts of salt if plenty of water is aw 

cannot tolerate salt as well as adults, and 2 P« « 

should be regarded as the absolute maximum ^ , ,,5 

even less tolerant, and 1 per cent of salt in the diet should not 

exceeded 


SULPHUR 

Most of the sulphur m the animal body occurs m proteins 
the ammo acids cystine, cysteine and methionine The two vi » 
biotm and thiamine, and the hormone insubn, also contain su P 
Only a small amount of sulphur is present in the body m inorga 
form, though sulphates are known to occur in the blood m sm 
quantities Wool is rich in cystine and contains about 4 per cen 
sulphur , . 

Deficiency of this element in the body is not usually consi er » 
since the mtake is mainly m the form of protein and a deficiency 
of sulphur would indicate a protein deficiency However, m ruminan 
diets m which urea is used as a partial nitrogen replacement for protein 
nitrogen, sulphur may be limiting for the synthesis of cysteine, cystine 
and methionine Under these conditions the addition of sulphur to 
containing rations may be beneficial, since it has been estabhsbe , 
through the use of labelled sulphur l^ss], that the rumen micro organ- 
isms can uUhsc inorgamc sulphur There is some evidence that sodium 
sulphate can be used by the micro organisms more efficiently than 
elemental sulphur 
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' MAGNESIUM 

Magnesium is closely associated with calcium and phosphorus. 
About 70 per cent, of the total magnesium is found in the skeleton, 
the remainder being distributed in the soft tissues and fluids. Mag- 
nesium is known to be an activator of phosphates, and also functions 
in carbohydrate metabolism (see Chapter 9). 

Deficiency Symptoms 

Symptoms due to a simple deficiency of magnesium in the diet 
have been reported for a number of animals. In rats fed on purified 
diets the symptoms include increased nervous irritability and convul- 
sions. Experiments carried out on calves reared on low-magnesium 
milk diets resulted in low serum magnesium levels, depleted bone 
magnesium, tetany and death. The condition is not uncommon in 
milk-fed calves about 50-70 days old. 

In adult ruminants a condition known as bypomagnesaemic tetany 
associated with low blood levels of magnesium (hypomagncsaemia) 
has been recognised since the early thirties. A great deal of attention 
has been given to this condition in recent years, since it is widespread 
and the death rate is high. The annual incidence of clinical cases in 
dairy cattle in the United Kingdom was estimated in 1960 to be about 
0’5 per cent. The condition is reported to be more widespread in the 
Netherlands, where it has been estimated that the incidence in dairy 
cattle may be 1 to 2 per cent. 

Hypomagnesaemic tetany has been known under a variety of names, 
including magnesium tetany, lactation tetany and grass staggers^ but 
most of these terms have been discarded because the disease is not 
always associated with lactation nor with grazing animals. The 
condition can affect stall-fed dairy cattle, hill cattle, bullocks and cattle 
at grass as well as sheep. It is probably true to say that most cases 
occur in grazing animals, and the trouble is particularly common in 
the spring when animals arc turned out on to young succulent pasture, 
and in the autumn when animals arc grazed too long without adequate 
supplementary feeding. The onset of tetany may be very sudden 
and in many cases the animals do not recover. In adult animals the 
bone magnesium docs not seem to be readily available to prevent 
hypomagncsaemia occurring. 

The normal magnesium content of blood scrum in cattle is within 
the range of 1*7 to 4 mg magnesium per 100 ml blood scrum, but levels 
below 1*7 frequently occur without clinical symptoms of disease. 



84 


animal nutrition 


TeUny.susua..ypreoed=dbyafa1U^lo« 

0 5 mg per 100 ml m practice this is some- 

expected to cute the ammal if given ^ J' nervousness, tremors, 

times difficult Typical end convulsions 

twitching of the facial muscles, s ® ® ruminant animals 

The exact cause of >'yPO™S"““““= "m may be a 

IS unknown, although a dietary 

contributing factor „ the diet Others suggest 

S exces“w1™inaraCla production may be the cause, or a 

'’Xrler work using radioactive "tS 

indicates that the magnesium present in the food P y 

from the alimentary canal, in some cases “"'V is so m 

herbage magnesium can be utilised by the rumman hy 

ruminants is not known Smce adult animals hav ^ ^p„„ 

readily available reserves of body magnesium they are dep 

a regular dietary supply nf success in 

Although Its cause is still uncertain, a high <*®8ree 
reducing the incidence and seventy of hyP““f 
obtained by increasing the magnesium intake This jy hy 

feeding with magnesium rich mineral mixtures, of 

increasing the magnesium content of pasture by the app 
magnesium fertilisers 


Sources of Magnesium 

Wheat bran, dried yeast and most vegetable protein ^ j. 

especially cottonseed cake and linseed cake, are goo , 

magnesium Clovers are usually richer m magnesium than gr « 
although the magnesium content of forage crops vanes wme y 
mineral supplement most frequently used is magnesium oxide, w * 
sold commercially as calcined magnesite When hypomagnesa 
tetany is likely to occur it is generally considered that about ^ ® ^ 
magnesium oxide should be given to cows per head per day as 
prophylactic measure 

Trace Elements 


IRON 

More than 90 per cent of the iron m the body is combined with 
proteins, the most important protein being haemoglobin, which contains 
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about 0*34 pen cent, of the element. Iron also occurs in blood serum 
bound to a protein called siderophilm, believed to be concerned with 
the transportation of iron from one part of the body to another. Ferritin 
is a brown iron-containing protein containing up to 20 per cent, of the 
element, which is present in the spleen, liver, kidney and bone marrow; 
ferritin is probably the form in which iron is stored. Haemosiderin is a 
similar iron storage compound which may contain up to 35 per cent, 
of the element. Iron is also a component of many enzymes, including 
cytochromes and certain flavoproteins. 

Deficiency Symptoms 

Since more than half the iron present in the body occurs as haemo- 
globin, a dietary deficiency of iron would clearly be expected to 
affect the formation of this compound. The red blood corpuscles 
contain haemoglobin, and these cells are continually being produced 
in the bone marrow to replace those red cells destroyed in the animal 
body as a result of katabolism. Although the haemoglobin molecule 
is destroyed in the katabolism of these red blood corpuscles, the iron 
liberated Is made use of in the resynthesis of haemoglobin, and because 
of this the daily requirement of iron by a healthy animal is usually 
small. If the need for iron increases, as it would after prolonged 
haemorrhage or during pregnancy, then haemoglobin synthesis may 
be affected and anaemia will result. Anaemia due to iron deficiency 
occurs most commonly in rapidly growing sucklings, since the iron 
content of milk is usually very low; this frequently occurs in pigs 
housed in pens without access to soil or pasture. The young piglet 
must retain about 7 mg of iron per day to grow at a normal rate without 
becoming anaemic; since the sow’s milk only provides about 1 mg per 
day there is an additional requirement of about 6 mg. This should be 
provided by dosing or injection with iron salts. Giving additional iron 
to the lactating females docs not prevent anaemia occurring in the young 
piglets, as the iron content of milk is not increased by feeding. 

Iron deficiency anaemia is not common in lambs and calves because 
in practice it is unusual to restrict them to a milk diet without supple- 
mentary feeding. It docs however sometimes occur in laying hens, 
since egg production represents a considerable drain on the body 
rcscrv’cs. 

Sources of Iron 

Apart from milk, \shich is a poor source, iron is widely distributed 
in foods. Excellent sources of the element arc green leafy materials. 
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most leguminous plants and the'ammTaS'some absorbed 

forms, some of ^h.eh arc “ orcTtams a relatively large 

with difficulty Blood meal, for ex^ple, contains 

amount of iron but it is poorly ^ to a large extent 
It has long been held that the absotp absorbed according 

independent of the dietary source and that uonis ^ 

to need by a limiting i^ramounts of iron are 

The mucosal block *“'5' ‘7'f ‘ ‘“at L mechanism brought 
prevented from entermg the body by a ''SU™ ® ,j that iron 

about by the mucosal cells of the gastro “y requirements 

absorption is therefore en 

The mucosal block theory has, however, r y ^abatable 

certain workers, and the problem of iron absorption is still 

“"■ne adult's need for iron is normally low, “““ *°^XeW»bin 
from the destmcuon of haemoglobin is made availab ® ^ this 

regenerauon, only about 10 per cent of the element escaping 

&cess of iron in the diet may cause alimentaiy disturbances 
COPPER 

Evidence that copper is a dietary essential was “’’'^‘“'L'.ari^for 
when expenments with rats showed that copper was necBS ly 
haemoglobin formation Although copper is not actually a t 

of Uie haemoglobin molecule it is thought to be an essentia P 
of the mature red blood corpuscles, and a certain mimmum a 
copper is necessary for the production of the red corpusc es ^ 

mamtaimng their activity m the circulation Copper is known 
component of many enzyme systems, and it also occurs m 
pigments, notably luracm, a pigment of feathers The e ern 
necessary for the normal pigmentation of hair, fur and woo . 

thought to be present m alt body cells, being particularly 
m the liver, which acts as the mam storage organ of the bo y 
copper 

Deficiency Symptoms 

Since copper performs many functions m the animal body there are 
vancty of deficiency symptoms These include anaemia, poor gro » 
bone disorders, scouring depigmcntation of hair and wool, gastr^ 
intestinal disturbances and lesions in the brain stem and spinal cor 
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The lesions are associated with muscular incoordination, and occur 
especially in young lambs. A copper deficiency condition known as 
* enzootic ataxia ’ has been known for some time in Australia. The 
disorder is there associated with pastures low in copper content (2 to 4 
ppm in the dry matter), and can be prevented by feeding with a copper 
salt. A similar condition which affects lambs occurs in the United 
Kingdom and is known as ‘ swayback *, and although this disease can 
be prevented by dosing the ewe with copper sulphate during pregnancy, 
the trouble does not appear to be caused invariably by a simple dietary 
deficiency of copper. Swayback has been reported to occur on pastures 
apparently normal or even high (7 to 15 ppm) in copper content. In 
such cases the exact cause of swayback is not yet known. The symptoms 
of this condition in newborn iambs range from a complete inability to 
stand to various degrees of incoordination, particularly of the hind 
limbs. Older Iambs which develop swayback show similar symptoms. 
The lesions are irreversible and the mortality rate is high. 

CoppeMnoIybdenum-sulphate Interrelations 
Certain pastures on calcareous soils in parts of England have been 
known for over a hundred years to be associated with a condition in 
cattle described as * teart \ characterised by unthriftiness and scouring. 
A similar disorder occurs on reclaimed peat lands in New Zealand, 
where it is known as * peat scours *. Molybdenum levels in teart 
pasture are of the order of 20 to 100 ppm compared with 3 to 5 ppm in 
normal pastures, and teart was originally regarded as being a straight- 
forward molybdenosis. In the late nineteen-thirties, however, it was 
demonstrated that feeding >vith copper sulphate controlled the scour- 
ing, and hence a molybdenum-copper relationship was established. 

It is now known that the effect of molybdenum is complex, and it has 
been suggested that the element exerts its limiting effect on copper 
retention in the animal only in the presence of sulphate. 

Cattle appear to be more vulnerable to molybdenum poisoning than 
sheep; horses and pigs arc not usually affected when grazing teart 
pastures. 

Sources of Copper 

Copper is widely distributed in foods and under normal conditions 
the diet of farm animals is likely to contain adequate amounts. The 
copper content of crops is related to a large extent to the soil copper 
IcNci, but other factors such as drainage conditions and the herbage 
species affect the copper content. Seeds and seed by-products are 
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usually och m copper, but strews “f 

content of pasture dry matter f“E“ customary when dosing 

copper content of milk is low. and 1 cna t is ^ U,cc of 

youVg animaU. especially piglets, with an iron salt to 
copper sulphate 


Copper Toxiciiy , animals 

It has long been knOAn that “PPf' ““of nutritional 
are toxic Continuous ingestion of “ppet 

requirements leads to an accumulauon of the ^cumulatise 

tissues, especially in the liver Copper can “ ““““opper 

poison, so that considerable care is required in ® ,o 

salts to animals It is unwise to administer “PP“ ^ses of 

sheep unless deficiency conditions are liable to ^ ^ ^ of 

death due to copper poisoning caused by the m oning 

copper fortified diets have been reported Chronic 
in sheep has occurred under natural conditions in p 
where the copper content of the pasture is high. P 
particularly susceptible to copper poisoning 


COBALT 

A number of disorders of cattle and sheep, 
emaciation and listlessncss typical of malnutrition, have ^ ^ 
niscd for many years and have been desenbed as pining , ^ 

sick’, ‘bush sickness’ and ‘wasting disease’ A 
m many different parts of the world are associated 
disorder There are such areas m parts of Australia, New 
and the U S A In the United Kingdom ‘ pining pastures occur 
many counties and are particularly common in the border coun le 
England and Scotland ^ , 

As early as 1807 Hogg the Ettrick shepherd, recognised 
or ‘ vinquish * as being a dietary upset It is now known that pim 
IS associated with a dietary dcfiaency of cobalt caused by low con 
centrations of the element in the soil and pastures Pining can 
prevented m these areas by feeding with small amounts of cobalt 
The physiological function of cobalt was only discovered ^ 
vitamin B 12 was isolated and was shown to contain the element Co ^ 
IS required by micro organisms m the rumen for the synthesis 
vitamin B12, and if the element is deficient in the diet then the vitamm 
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cannot be produced in the rumen in amounts sufficient to satisfy the 
animal’s requirements, and symptoms of pining occur. Pining is 
therefore regarded as being due to a deficiency of vitamin B 12 . There is 
evidence for this, since injections of vitamin B 12 into the blood alleviate 
the condition, whereas cobalt injections have little beneficial effect. 
Although vitamin Bi 2 therapy will prevent pining occurring in ruminant 
animals, it is more convenient and cheaper in cobalt-deficient areas 
to supplement the diet with the element, allowing the micro-organisms 
in the rumen to synthesise the vitamin for subsequent absorption by 
the host. 

There is evidence that the intestinal micro-organisms in non-rumin- 
ants also can synthesise vitamin Bia, although in pigs and poultry this 
synthesis may be insufficient to meet their requirements. It is common 
practice to include in pig and poultry diets some animal protein food 
rich in vitamin Bn in preference to including a cobalt salt. 

Apart from the importance of cobalt as a component of vitamin B 12 , 
the element is believed to have other functions in the animal body as an 
activating ion in certain enzyme reactions. 

Sources of Cobalt 

Most foods contain traces of cobalt. Normal pastures have a cobalt 
content in the dry matter within the range OT to 0*25 ppm. Deficient 
pastures usually contain less than 0-08 ppm. 

Cobalt deficiency in ruminants can be prevented by dosing the animals 
with cobalt sulphate, although this form of treatment has to be repeated 
at short intervals. A continuous supply from a single dose can be 
obtained by giving a cobalt bullet containing 90 per cent, cobaltic oxide ; 
the bullet remains in the reticulum and slowly releases the clement over 
a long period of time. Some of this cobalt is not utilised by the animal 
and is excreted, and this of course has the effect of improving the cobalt 
concentration of the pasture. Alternatively, deficient pastures can be 
top-dressed with small amounts of cobalt sulphate. 

Cobalt Toxicity 

Although an excess of cobalt can be toxic to animals, there is a wide 
mar^n of safety between the nutritional requirement and the toxic 
level. Cobalt toxicosis is extremely unlikely to occur under practical 
farming conditions. Unlike copper, cobalt is poorly retained by the 
body tissues and an excess of the clement is soon excreted. The toxic 
level of cobalt for cattle is 40 to 50 mg cobalt per 100 lb body weight 
daily. 
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IODINE 

The amount of.odme present m •“d‘” 

the adult IS usually less than 0 6 PP™ it^am role appears to 

tnbutcd throughout the tissues and by the thyroid 

be as a constituent of the hormone, thyroxine, proa 
gland 
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Duodotyrosme 


The element also occurs m the thyroid gland as a 1°"^ of 

lodotyrosme, which is an intermediate product m the 
thyroxine from the ammo acid, tyrosine Both duodo yr 
thyroxine occur in the thyroid gland as components o , ne 

thyroglobuhn, this compound acts as a store of thyroxine, i 
the hormone when requited to perform its function of con 
the metabolic rate 


Deficiency Symptoms 

When the diet contains insufficient amounts of iodine the producti^ 
of thyroxme is decreased The main indication of such a de 
IS an enlargement of the thyroid ^and, termed endemic goitre 
thyroid being situated in the neck, the deficiency condition in a 
ammals manifests itself as a swelling of the neck, ‘ big neck ’ 
ductive failure is one of the most outstanding consequences of 
thyroid function, breeding animals deficient in iodine give birth 
hairless, weak or dead young 

A dietary deficiency of lodme is not the sole cause of goitre it is 
known that certain foods contam goitrogenic compounds and cause 
goitre m animals if given in large amounts These foods include most 
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members of the Brassica family, especially kale, cabbage and rape, and 
also soya beans, linseed, peas and groundnuts Goitrogens have been 
reported in milk of cows fed on goitrogenic plants A goitrogen present 
in swede seeds has been identified as L-5-vinyl-2-thiooxaIidone (goitrin) 
Thiocyanate, which may also be present in members of the Brassica 
family, is known to be goitrogenic and may be produced in the tissues 
from a cyanogenetic glycoside present m some foods The mechanism 
of the action of these goitrogenic substances is not fully understood 

Goitrogenic activity of the thiocyanate type is prevented by supplying 
adequate iodine in the diet 

Sources of Iodine 

Iodine occurs m traces in most foods The richest sources are foods 
of marine origin, and values as high as 0 2 per cent iodine have been 
reported for some seaweeds, fish meal is also a rich source of the ele- 
ment The iodine content of land plants is related to the amount of 
iodine present m the soil, and consequently wide variations occur in 
similar crops grown in different areas 

In areas where goitre is endemic precautions are generally taken 
by supplementing the diet with the clement, usually in the form of 
iodised salt This compound contains the element either as sodium 
or potassium iodide or as sodium lodate 


MANGANESE 

The amount of manganese present m the animal body is extremely 
small Most tissues contain traces of the clement, the highest con- 
centrations occurring in the bones, liver, kidney, pancreas and pituitary 
gland Manganese is important m the animal body as an activator of 
certain enzyme reactions concerned with carbohydrate, protein and 
hpid metabolism 

Deficiency Symptoms 

Symptoms of manganese deficiency were first noted m rats fed on 
purified diets The animals grew slowly and bone structure and repro- 
duction were affected The reproductive failures were quite marked 
and included defective ovulation in females and testicular degeneration 
and stcnltly in males 

Manganese deficiency is unlikely to occur m ruminants kept under 
natural conditions, although deficiency symptoms have been reported 
m >ouns calllc grazing certain pastures on sand and peat soils in the 
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Netherlands These symptoms included 'j^n mporlant 

poor fertility and frequent abortion Man^““',„„ perosis or 
element in the diet of young ‘ It is not, host ever, 

• shpped tendon ', a malformation of ‘=6 condiuon, as perosis 
the only factor involved m the .ntakes of calaum 

in young birds may be aggravated by £i “t^ 

and phosphorus Manganese defi ^ retraction in 

redu^ hatchabihty, reduced sheU f 

chicks (Plate VI, opposite) In pigs lameness is ymp 

Sources of Maugimese , nastures contaul 

The element is widely distribute^ ’ “1 Tomaot “f pastures, 

40-200 ppm m the dry matter The mangao conditions 

however, can vary over a much wider rang -roducts contam 

may be as high as 500-600 ppm Sreds a j-iemcnL Yeast 

moderate amounts, except for maize which is lo manganese 

and most foods of animal ongui ate also p foods contain 

Rich sources are nee bran and wheat offals Mo gr 
adequate amounts 

Manganese Toxicity ^f«,-«oaoese 

There is a wide margin ot safety between hav?been 

and the normal level m foods Levels as high as 1000 ppm ha 
given to hens without evidence of toxiaty 


Zme has been found m every tissue m the animal body 
tends lo accumulate m the bones rather than the liv er, w hich ' 
storage organ of many of the other trace elements High 5 

have been found in the skin hair and wool of animals Several 
m the ammal body are known to contain zinc, these include car 
anhydrase, pancreatic carboxypeptidase and glutamic dehydrogen 


Deficiency Symptoms 

Zme deficiency has been produced expenmentally m rats, t e 
s>mptoms including slow growth, testicular atrophy, skm lesions an 
micrference with hair development. A deficiency of this elemen 
unlikely to occur m grazing animal s because of the relatively 
amounts present m natural pastures Recently considerable attention 




Plate V. Effect of biotin deficiency m the diet of the chick (p 69) Lesions 
appear first on the feet 



PLATt VI. Head retraction m a newly hatched cluck; i>pical ijniplom of 
manganese deficiency in the breeder's diet (p. 92). 

I N /-.rr 92 
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has been given to a zinc deficiency condition in pigs resulting in para- 
keratosis. Symptoms of this deficiency are subnormal growth, poor 
feed efficiency and skin lesions characterised by reddening of the skin 
of the belly, followed by eruptions which develop into scabs. Para- 
keratosis is particularly liable to occur in young intensively housed 
pigs fed ad lib. on a dry diet, though a similar diet given wet does not 
appear to cause the condition. It is aggravated by increased calcium 
levels in the diet, and decreased by reduced calcium and increased 
phosphorus levels. The trouble can be prevented by adding small 
amounts of zinc (40-100 ppm) to the diet, usually as zinc carbonate or 
sulphate. 

Zinc deficiency symptoms have also been produced in chicks; these 
include retarded growth, poor feathering, poor calcification and skin 
lesions. Zinc is thought to be concerned in the processes of calcification 
and keratinisation. 


Sources of Zinc 

, The element is fairly widely distributed. Yeast is a rich source, 
and zinc is concentrated in the bran and germ of cereal grains. The 
I diets of ruminant animals are normally considered to contain adequate 
1 amounts of this element. 


! Zinc Toxicity 


I Although cases of zinc poisoning have been reported, most animals 
\ have a high tolerance for this element. Excessive amounts of zinc 
, in the diet are known to depress food consumption and may induce 
‘ copper deficiency, 

^ MOLYBDENUM 


1 Although molybdenum has been classed as an essential element in 
_ plant nutrition for some time, its main importance in animal nutrition 
was thought to be as a toxic rather than an essential clement. The 
I toxic role of molybdenum In the condition known as teart is described 
I under the clement Copper (p. 87). More recently molybdenum has 
' been classed as an essential trace clement, since it is known to be a 
constituent of the enzyme xanthine oridase which plays an important 
part in purine metabolism. Molybdenum is also a component of 
nitrate reductase and of a bacterial hydrogenase. 

' Deficiency symptoms have not been reported under practical con- 
ditions. Recent experiments have demonstrated a growth-stimulating 
‘ effect for molybdenum given to chicks and poults fed on purified 
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soya bean protein diets ^ Adluoi''of the element as 

been demonstrated ® molybdenum increased hvewcight gmns 

molybdate to a ‘“j,” ,„^,ease in l.vewe.ght might have been 

^o'':d":rermicerbTs— 

rumen 


SELENIUM 

Litre molybdenum, selenium has always b- ^rded as an im- 
portant element m anirnalnutritm^^ 

In certain areas of the U S A seteni J . Alkah disease 

known locally as • alkah disease ingestion of 

15 a chrome form of selenium selenium The 

certain species of plants which centam 10 to 30 »"> „oi„de 

disease affects horses, cattle and sheep mane or 

IS^bTusuXrletrmpiemJnhep.^ 

rtf the element in the soil A concentration of 5 ppm m lo 
ppm m milk or water may be potentially ‘‘^“Serous to farm am 
Selemum toxicity has not been reported in Enrope «cep 
In Limenck high concentrations of the element are found 
plants, the sods involved bemg mildly acid or aftalme 

In seleniferons plants selenium replaces sulphur m the amin 

mkouine and cystine and these selenium containing ammo acid^ 

apparently replace methionine and cystine in body 
wool and hooves are normally rich in sulphur containing 
and are affected adversely in selenium toxicity j high 

It IS known that the toxic effect of selenium is reduced wh t 
protein foods are given to animals Trace amounts of atscni 
pounds also have a protective action j 

In 1957 the role of sclcnram in animal nutntion assumed a n P 
when It was demonstrated that feeding with extremely smaU ™ 

(0 5 ppm) of selemum as sodium selenite prevented hver ““ 
rats It was also shown that selenite prevented exudative diatn 
chickens Liver necrosis produced by feeding pigs on a ihet 
in vitamin E could be cured by feedmg with either vitamin E or so 
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selenite. Selenium compounds have been shown to prevent muscular 
dystrophy in lambs and calves (see Chapter 5). The exact function 
of selenium in the aetiology of these diseases is still unknown, but it is 
considered by many that there is sufficient evidence to regard selenium 
as an essential trace element. It should be remembered, however, 
that the margin between the toxic level and the dietary level required 
to prevent deficiency symptoms in animals is small, and for this reason 
it is inadvisable to add this element to mineral supplements for farm 
animals. 

Probably Essential Elements 

FLUORINE 

Fluorine is distributed in traces throughout the body, but is con- 
centrated in the bones and teeth. The importance of fluorine as a trace 
element in preventing dental caries has been well established, though 
evidence of its essential role in metabolism is still inconclusive. The 
element is very toxic, however, and an excess in the diet above 20 ppm 
of the dry matter causes a condition described as * fluorosis * in which 
the teeth become pitted and worn until the pulp cavities are exposed; 
the teeth become sensitive to cold water, and the appetite declines, 
resulting in slow growth. Bone and joint abnormalities also occur. 
Fluorine is a cumulative poison, and the ingestion of small amounts 
over long periods of time may produce toxic symptoms. The commonest 
sources of danger from this element arc fluoride-containing water and 
fluoride rock phosphates. Cases of fluorine toxicity have been reported 
in animals grazing in industrial areas where fluoride-containing smoke 
has contaminated pastures. 

Other Elements 

Recently it has been suggested that bromine, barium and strontium 
may have an essential function in animals, aliliough conclusive evidence 
is still lacking. A possible essential role of bromine for chicks has been 
suggested; small but significant growth responses to trace additions 
of this element to semi-synthetic diets have been reported. Conclusive 
evidence that barium is a dietary essential for animals is not yet avail- 
able; experiments Nsith rats and guinea-pigs suggest that it may be 
essential for these species. 

Considerable attention has been gben recently to the element 
strontium because of the formation of radioaclis c [’ogr] as a by-product 
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of nuclear fission. Limited evidence suggests that strontium may be 
a dietary essential for the growth of rats and guinea-pigs. 


Further Reading 

F. E CoRRiE, 1948. Some Elements of Plants and Animals, Fertiliser Journal 
Ltd , London. 

C A. Lamb, O. G. Bentiey and S. M. Beattie (ed ), 1958. Ttace Elements. 
Acadenuc Press, New York and London. 

E. J. Underwood, 1962. Trace Elements m Human and Animal Nulrtiian. 
Academic Press, Kew York and London. 

K. SchOtte, 1964. The Biology of the Trace Elements. Crosby Lockwood and 
Son, London. 



Chapter 7 


ENZYMES 


The existence of living things involves a continuous series of chemical 
changes. Thus green plants elaborate simple chemical compounds 
such as carbon dioxide and water into complex compounds like sugars, 
starch and proteins, and in doing so fix and store energy. Subse- 
quently these compounds are broken down, by the plants themselves 
or by animals which consume the plants, and the stored energy is 
utilised. The complicated reactions involved in these processes are 
reversible, and when not associated with living organisms are often 
very slow; extremes of temperature and/or pressure would be required 
to increase their velocity to practicable levels. In living organisms 
such conditions do not exist. Yet the storage and release of energy 
in such organisms must take place quickly when required, and this 
necessitates a high velocity of the reactions involved. The required 
velocity it attained through the activity of numerous catalysts present in 
the organisms. A catalyst in the classical chemical sense is a substance 
which alTects the velocity of a chemical reaction without appearing 
in the final products; characteristically the catalyst remains unchanged 
in mass upon completion of the reaction. The catalysts elaborated and 
used by living organisms am organic in nature and are known as 
enzymes. Each living cell contains hundreds of enzymes, and it is due 
to the coordinated action of these substances that the life processes 
are able to take place. 

Catalytic action. Typical of cnzymc-catalyscd reactions arc the 
hydrolyses of various substances such as fats and proteins which arc 
essential for the normal functioning of the organism. A fat may be 
broken down to glycerides and fatty acids under the influence of a 
lipase: 


CHrOCO-Ri 
iHi-OCO-Ri + 2HiO 
iHi-OCO-Rj 

TrigbxcriJc 


CH^OCORi 

^H OH + Rj COOH + Rj-COOH 
CH 2 OH 

Monofi]>-ocriJe Fatty adds 

91 
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Such a reaction, which in the laboratory req 

alkalis at high temperatures, or supcrhcatcil ^ reagents 

body at ordinary temperatures res s ofUie pephdo 

Similarly peptidases split proteins by f classed 

between the constituent ammo acids Enzymes of this typ 
as h}drol)sing en 2 )njes . ..,*c which catalyse 

The other large group are the transfermg <""-> j. ,„iirogen, 

transfer reactions These involve removal or addition of 1 y B ^ 
oxygen or electrons as in oxidation-reduction c groups 

groups as in various acylation processes, as well as of p P j 

m energy metabolism Lactic acid is oxidised to pyruvic acid in musci 
m the presence of lactic acid dehyrogenase 


CHs 
1 

CH OH 
1 

COOH 

Lactic acid 


CHj 

1 

CO 

COOH 
Pyruvic acid 


Hz 


Again, in the formation of citric acid from oxalacetic acid ^ 

release of energy m the body, addition of an acetyl group takes p 
when a condensing enzyme is present 

CHz COOH 

CO COOH CoA-l-HiOeeCOH COOH-bHS CoA 

CHi COOH I 

CH: COOH 

Oxalacetic acid coenzyme A Cilnc acid Coeiuynic A 

There are also a few miscellaneous enzymes catalysing reactions 
which do not fit into these large groups Typical is the break ow 
of urea by urease 


NHi 

0+H2O^2NHj + C02 

/ 

NHz 

Nature of enzymes Many enzymes have now been isolated m the 
pure state and their structure elucidated All have proved to be 
plex proteins of high molecular wei^t Many of the proteins ne 
special groups to aid their activity, especially in the case of the trans e 
enzymes For example the cytodiromes are important in certain 
oxidation reactions dunng which they accept electrons from a reduc 
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substance, which is consequently oxidised. The cytochromes are haem 
proteins, and as such contain the general grouping: 


CH 



1 / 


\/ 

\/ 

N 

N 

/ 

X 

\ 

/ 

\ 

/ 

CH 


Without this iron-containing haem group the enzyme would be inactive, 
since electron exchange takes place at the iron atom. Such active 
CH2O— P— OH 



Fla\m mononucleotide 
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group, uru known as • prostheUo- 

oftheonzymo molecule: ‘he remmndw of the molecule is m 

as the ap^nzyme, and the whole f entity 

prosthetic group need not necessanly flavoproteins, 

but may be enUrely oiEanie. as m tlm ^ o h flavop 
which contain flavin mononuclcoude (FMN) “ takes 

Ezehange of hydrogen atoms during oxidation and reduction 

place at the positions marked *. _ ^vblch is a sepa- 

Sometimes the enzyme needs for its activity “ Sr P . . jtydrogen 
rate entity. In the oxidation oflacticacid to P^™ rucotinamide- 

rclcased must be removed. This is done by a su dioucleotide 

adenine dinueleotidc (NAD) or . 

phosphate (NADP), which contain the mcotraamidc group g. 


CH 


d^; 


C— CONH2 


The hydrogen exchange takes place at the position marked*. 

Such substances as NAD and NADP are known as ‘ coenzym 
several enzymes may have the same coenzyme. The acety a ^ , 
oxalacctic acid depends upon donation of an acetyl group ^ ^ 

coenzyme A, which reverts to coenzyme A, this can be rcace ^ 
and again take part m an acetylation In the absence of the coc 
the condensing enzyme would be quite inactive. Many enzymes 
the presence of metal ions m order to ‘ activate ’ the enzyme. 
metal 10ns are known as actuators. Arginasc, for example, n 
manganese 10ns for its action. _ 

Mechanism of enzyme action. Enzyme action involves the forma i 
of a complex between the enzyme and the substrate, the substanw 
be acted upon Such complexes will be foimed between the subs ra 
and a relatively few active centres on the enzyme. The bond m 
take a variety of forms, from the chemical bond, typified by sulpby O' 
groups on the enzyme (g> 



HS— © 



© 
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to the electrostatic bond typified by 


—COO- +H3N-R 
—COO- +H3N-R 

The complex may involve the formation of more than one type of 
bond between enzyme and substrate. As a result of its formation the 
substrate becomes activated and the subsequent reaction proceeds 
more quickly. 

Specific nature of enzymes. Complex formation requires spatial 
conjunction of the active groups on the substrate with the active centres 
of the enzyme, and it is not surprising that the number of substrates 
affected by a given enzyme may be limited. This specificity is a 
characteristic shown by all enzymes, but the actual degree of specificity 
varies considerably with individuals. Esterases, for example, are a 
group of enzymes which catalyse the following type of reaction: 

R'CO-ORi + H 2 O ^ R*CO‘OH + RiOH 
Ester Acid Alcohol 

They show a low degree of specificity. Urease on the other hand shows 
an extremely high degree of specificity, catalysing only the breakdown 
of urea to ammonia and carbon dioxide. 

Factors affecting Enzyme Activity 

Enzyme and substrate concentration. The necessity for the formation 
of an intermediate enzyme-substrate complex means that increasing 
the enzyme concentration relative to that of the substrate increases 
the cflicicncy of catalysis, since a greater number of active centres arc 
available for complex formation. Conversely, increase of substrate 
concentration over a certain level results in competition by the excess 
substrate molecules for the available active centres on the enzymo 
surface. Several substrate molecules may become partially linked to the 
enzyme rather than one molecule being completely attached; the 
cflicicncy of complex formation is therefore reduced, resulting in a 
lowering of enzyme activity. 

Inhibitors. Competition for the active centres of the enzyme also 
accounts for the inhibition of enzyme activity by certain substances 
similar to the normal substrate. TIjc best-known examples arc the 
sulphonamidc drugs, which owe their bacteriostatic cfTccl to the release 
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COOH 


S02NH2 


NH2 

Para ammo bcnzoic aod 


NH2 

SulphamlamiUc 


Inhibition of enzyme action may also result from block 

arsenic and of heavy metals such as mercury and silver, 
the active groups of the enzyme m„,„pv of enzyme- 

Tmiperalure As in other chemical reactions, the efficieni^ 

catalysed reactions is increased by raising the increase of 

approximately, the speed of reaction is ' f.,., nr comes 

10" C As the temperature rises, however, a complicaiing mv 


into play, m that denaturalion 


of the enzyme protein begins 


IS a molecular rearrangement which causes a loss of the ,qd q 

of the enzyme surface and results m a loss of efficiency enzymes 

the destruction of the enzyme becomes more rapid, ® -n 7 vme 
are destroyed when heated to 100® C The time for jp 55 

IS subjected to a given temperature affects the extent of emcie . ^ 
As would be expected, all enzymes have a temperature range 
which they are most efficient effect 

Acidity Hydrogen ion concentration also has an importan 
on the efficiency of enzyme action Many enzymes are ® Extra 
m the region of pH 6 to 7, which is that pertaining to the cell 
cellular enzymes show maximum activity m the acid or the a 
pH range, but m any case the actual range of pH within w ic 
enzyme works is only about 2 5 to 3 0 units, outside this range ^ 
activity drops off very rapidly The reduction in efficiency cause 
changes m the pH is due to changes in the degree of ionisation o 
substrate and enzyme 'Where the linkage between the active centres 
electrostatic, this affects the facihty with which the interme 
complex is formed and thus the efficiency of enzyme action 

Nomenclature of Enzymes 

Some enzymes were named m ths early days of enzyme study 
have unsystematic names such as those of the digestive enzymes 
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‘ pepsin *, ‘ trypsin * and ‘ ptyalin \ Nowadays it is usual, when naming 
enzymes, to indicate the type of reaction catalysed and the nature of 
the substrate. The sufiBx -ase is added to the name to denote an 
enzyme. Typical of the modern system is the name * lactic acid 
dehydrogenase *. 


Further Reading 

M. Dixon and E. C. Webb, 1964. Enzymes, 2nd ed. Longmans, Green and 
Co., London. 

E. Baldwin, 1963. Dynamic Aspects of Biochemistry. Cambridge University 

Press. 

F. F. Nord and C. H. Werkman (cd.). Advances in Enzymology. (Annual 

vols. since 1941.) Interscience Publishers, New York. 





Chapter 8 


DIGESTION 

Many of the orgamo components of fo<^ arc 

insoluble molecules which have to be broken down 

pounds before they can pass through the ^ down 

alimentary canal into the Wood and ..^f.^ ^nmnents 

process is termed ‘ digestion •, the passage of the digested 

through the mucous membrane ' absorption ’ mechanical, 

Theptocessesimpottantindigesuonmaybegroupedintomech 

chemical and microbial The mechanical activities are "lasticaW^ 
and the muscular contractions of the alimentary canal 
chemical action is brought about by enzymes 5“^^ .nzvmes 

m the various digestive juices, thou^ It IS possible that pla ^ 

present m unprocessed foods may m some instances play 
role m food digestion . 

Microbial digestion of food, also enzymic, is brought ^ j 

action of bactena and protozoa, micro organisms which ^e o P 
significance in ruminant digestion In simple stomache am 
microbial activity occurs m the large intestine 


Digestive Enzymes 

The enzymes secreted into the digestive tract break down food by 
hydrolysis, and with the exception of the proteolytic enzymes, pcpsi 
and lennin have an optimum pH within the range 6 8 

Many of the digestive enzymes arc imtially present in the secretion 
in the form of inactive precursors (zymogens) which are activa e 
after secretion into the tract 

Carbohydrases These enzymes hydrolyse the glycosidic linkages 
between sugar units, and are usually hi^ly specific The a amylases 
hydrolyse the a 1,4-glucosidic linkages of glycogen and starch Maltase, 
sucrase, lactase and trehalase are specific enzymes which hydroiy 
maltose sucrose, lactose and trehalose respectively Oligo-l* 
glucosidase hydrolyses o 1 6 ImVagpis lo dextnns produced after 
amylase activity 
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Proteolytic enzymes. These enqimes are concerned with hydrolysis 
of the peptide link 

OH OH 

— C— l^I— +H2O ^ — C— O— H+ '^N— 

/ 

H 

Proteolytic enzymes are usually divided into two mam groups, the 
endopeptidaseSy which generally act upon peptide linkages that are 


Table 8 I Mam Digestive Enzymes 

Name Source Substrate 

Enzymes hydrolysing peptide links 

Pepsin Gastric mucosa 

Rcnnin Gastric mucosa (young 

calves) 

Trypsin Pancreas 

Chymotrypsin Pancreas 

Carboxypcptidase Pancreas 

Elastasc Pancreas 

Ammopcptidascs Small intestine 

Dipcptidascs Small intestine 

Enzymes hydrolysing ester links 

Gastric lipase Gastnc mucosa Fats and other 

organic esters 

Pancreatic lipase Pancreas Fats and other 

organic esters 

Enzymes hydrolysing glycoside links 

ct Amylase Saliva, pancreas Starch, glycogen, 

dcxtnns 

Sueme Small intestine Sucrose 

Maltose Small mtcstine Maltose 

Lactase Small intestine Lactose 

Trehalose Smalt mtestme Trehalose 

01igo*l,6-glucosidasc Small intestine Dextrins 

situated avsay from the end of the substrate molecule, txndexopepiidascst 
w hiclt act on pcplidc linkages at the end of a peptide chain and w Inch arc 
near to a free carbox> I or ammo group Hndopcptidascs %s ere originally 
termed proteases, and include pepsin, rcnnin, try psin and ciiymotry psm 


Proteins and certain 
peptides 

Proteins and certain 
peptides 

Proteins and certain 
peptides 

Proteins and certain 
peptides 
Certain peptides 
Elastm and other 
proteins 
Certain peptides 
Dipeptidcs 
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Pepsm prcfcrcnlially attacks or^ "> 

group of an aromat.c ammo acid „ ',her endo- 

protcns or peptides. Pt^PS'n « ,s a nnlk- 
pepttdascs and can hydrolyse other linkages ihe 

coagulating enzyme, similar to pepsin ruminants 

gastric secretion of the calf and probably y , jnvolving 

Trypsin has a preferential specifialy P'P'‘ ,s most 

the earboxyl group of arginine and lysine, while of ,i,c 

active towards the peptide linkage involving ® plidase, 

aromatie ammo acids ExopeptidaMS include “*“^Po,^\,hich 
which acts on polypeptides, splitting off the 1'™™ . j-aje 

has a free a carboxyl group, arainopeptidases, which “t:! P P j,. 
bond adjacent to the free ammo group of simple peptioe , 
peptidases, which specificalty act only on certain tl'P'PPP” ^ 

Esterases The breakdown of fats is brought about by the c^ 
hpase In contrast to the other digestive enzymes lipase is 
specific, and can attack a wide range of glycerides The roam g 
enzymes are shown m Table 8 1 


Digestion in tub Pig 

The alimentary canal The vanous parts of the alimentary ° 
the pig are shown in Fig 8 1 The secretions entering the trac 
produced in the salivary, gastric, pancreatic and intestinal glan s 
the liver The movement of the intestinal contents along the r 
IS produced by peristaltic waves, which arc contractions of the cirw 
muscle of the intestine A number of different kinds of movemen s o 
the mtestmal wall are recogmsed, the functions of these being to mov 
the contents along the tract, to mix the digestive juices with the foo , 
and to bnng the digested nutnents into contact with the intestina 
mucous membrane for subsequent absorption 

The small intestine is the mam absorption site, and contains a senes 
of finger like projections, the villi, which increase the absorption area 
Each villus contains an artenole and venule, together with a drainage 
tube of the lymphatic system, a lacteal The venules ultimately drain 
into the portal system and the lacteals into the thoracic duct 

Digestion in the mouth The digestion occumng in the mouth is 
mainly mechamcal m nature Mastication is important m two ways 
it helps to break up large particles of food, and it also mixes food with 
saliva, which acts as a lubneant Sahva is secreted by three pairs 
of salivary glands the parotids, which arc situated m front of each 
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PIG 





Fio. 8.1. Diagrammatic rcprescnutton of the digcsinc tracts of different farm 
animals. 

An — Anus. Ab — Abomasum. Ca — Caecum. Cl •- CToaca. Qj — Colon 
Cr — Crop, D — Duodenum. G ^ Gizzard. I — Ileum, Oe — Oesophagus! 
Om •• Omasum. P •- Provenlnculus. Re — Rectum. Ri -• Reticulum. Ru —* 
Rumen. S Stomach. 
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car, the subma,x,llary ghnds v,b.ch >»= “'■ '“}; °„gu’c ’ 

and the sublingual glands, which arc un percent consisting 

Saliva IS about 99 per cent '“f * (ptyaUn) The 
of mucm, inorganic salts , Stly above the value 

pH of pig s saliva is about 7 3. vihich -s only s ight y 
Regarded as optimal for the activity "f “’“f „„ce the food is 
ever if much enzymic digestion lo the stomach 

quicVdy swallowed and passes “'“"^ "“ ,^0 place in the stomach, 

Lmestarchdigcstionby salivary amylaseimntakp _^^ 
since the food mass is not at once ^ has a eapacity 

D,sesuon m ,l,e stomach The stomach “f functions 
of about 8 litres, and consists of a single fp, storage 

not only as an organ for the digestion «f 1,°^ stomach 

The gastric glands ate present in the mucous inorganic 

and secrete gastric juice, which consists "'“"y p„eursot of the 

salts, mucus, hydrochloric acid and ’ unc^sccrctjon vanes 

enzyme pepsin The acid 

on diifecent diets but is generally about 0 IN, ano 

the pH value of the stomach contents to about pH ” p„jyme. 

as an activator of pepsinogen, converting it into the pr y 

Traces of the enzyme lipase may be present in ^“'"hp^ltomach 
but It is unlikely that this enzyme can hydrolyse fats in the stom 

since It IS not active m the presence of strong acid „r ,v,. eastric 

A number of factors are concerned in the stunulation o g 
glands to secrete gastric juice, among them being the pre 
in the stomach , small 

Digestion in the small intestine Four secretions entc 

intestine pancreatic juice duodenal juice, succus entcncus an 

The pancreatic juice is secreted by the pancreas, a 
lies in the duodenal loop and opens into the duodenum y , 

the pancreatic duct The pancreatic juice contains morgani 
(mainly sodium bicarbonate) a amylase lipase, trypsmogen, c y 
trypsmogen and procarboxypeptidase The pancreas is stimu a 
secrete its juice by a number of factors hydrochloric acid, s 
fats and the hormone secretin Secretin is produced by the 
the aad from the stomach on prosecretmy which occurs in the ® 

cells of the small intestine Trypsmogen is converted into trypsin y ^ 
enzyme enterokinase present m the succus entcncus This activa i^^ 
of the precursor is also catalysed by trypsin itself A reaction ° 
type m which the product acts as a catalyst is described as autocata y i 
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Chymotrypsinogen and procarboxypeptidase are activated into chymo- 
trypsin and carboxypeptidase respectively by the presence of trypsin. 

The pancreatic juice also contains lipase, which breaks down fats 
to mono- and di-glycerides and fatty acids. Complete hydrolysis with 
the production of glycerol probably occurs to only a limited extent 
(see p. 112). The only carbohydrase present in the pancreatic juice in 
significant amounts is a-amylase, which hydrolyses glycogen and starch 
to glucose, maltose and short-chain dextrins (limit dextrins). 

The duodenal (Brunner’s) glands produce a secretion which enters 
the duodenum by means of ducts situated between the villi. This 
secretion does not contain enzymes, but acts as a lubricant and also 
protects the walls of the duodenum from hydrochloric acid entering 
from the stomach. 

The other secretion from the small intestine is the succus entericus, 
produced in the crypts of Lieberkuhn, which are tubular depressions 
between the villi, Succus entericus contains lipase, enterokinase, 
aminopeptidases, dipeptidases and the carbohydrases — maltasc, sucrase, 
lactase, trchalase and oUgo-l,6-g!ucosidase. The crypts of Lieberkuhn 
are stimulated to secrete succus entericus by mechanical stimulation 
of the mucosa and also by the presence of the hormone, enterocrmin, 
which is secreted by the liver and passes along the bile duct into the 
duodenum. 

Bile, which is secreted by the liver and passes along the bile duct into 
the duodenum, docs not contain cn^mes, but contains the sodium and 
potassium salts of bile acids, chiefly glycocholic acid and taurocholic 
acid, and the bile pigments bilivcrdin and bilirubin. The bile salts 
play an 'important part in digestion by activating pancreatic and 
intestinal lipases and assisting in the emulsification of fats. In order for 
lipase to act efficiently it is necessary for fat to be emulsified or broken 
down into small particles, thereby producing a much larger surface 
upon which the enzyme can act. Bile also assists in the absorption 
of fatty acids and fat-soluble vitamins. 

Pigs, cattle and sheep all possess a gall bladder in which the bile is 
stored until required. 

Digestion in the large intestine. The main site of absorption of di- 
gested nutrients is the small intestine, so that by the time the food 
materia! has reached (he entrance to the colon most of the hydrolysed 
nutrients vtUl ha\c been absorbed. With normal diets there is ahs.iys a 
certain amount of material hich is resistant to the action of the cn:tymcs 
secreted into the alimentary canal. Cellulose and many of the hemi- 
cclluloscs arc not attacked by any of the enzy mes present in the digcsti\ c 
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secrelions of the pig L'Smn is [’haul^iM Ussu^ may trap 

IS thus indigestible thc^from the action of 

proteins and <^'b“hf'''f^/“f,,f™‘“‘ ltesune are mainly mucous 

digestive enzymes The 8'“'“*® ® ^ digestion in the large mte^ 

glands which do not produce enzymes, and g 

L IS therefore brought about by as a result 

down in the food from the upper part of the tract, or 

of microbial activity r,%.frtiir!iWe for rapid develop' 

Conditions m the small intestine are unfa j the caecum, 

meat of bacteria, but in the '-8' mtestme 

there is extensive microbial activity T^e tmdigested protems 

are mainly of the proteolytic type “'"“^““n'dole, phenol, 

and produce a number of producu mcludmg p,g it is know n 

fatty acids, hydrogen sulphide and amno ^ broken 

from digestibiUty studies that the cellulose _ generally 

down to a hmited eatent, eluulose and 

thought to occur m the large intestine The d g . ^jtjt that 

othef higher polysaccharides u nevertheless s^^*'” 

taking place m the horse and ruminants, which tave g bial 

adapted to deal with fibrous foods The “latde 

breakdown of polysaccharides are not sugars but mainly 
fatty acids, aceuc, propiomo and butync v„.ficial effect 

Baclcnal action m the large intestine may have a .i,sorbcd 

due to the synthesis of some of the B vitamms, wbch mny 
and uldised by the host Synthesis of raoM of the ’''^Xhe daily 
digcsuvc tract of the pig is, however, rasufficicnt to mec 

requirements and a dietary source IS needed .„„„,viathe 

The waste matenal, or faeces, voided from the large mtes 
anus consists of waUr, undigested food residues, digestive 
epithelial cells from the tract, bacteria, inorganic salts, indolc, 
and other products of bacterial decomposition 


Digestion in the Young Pig . 

From birth until about the age of five weeks the concentrauon a ^ 
activity of many of the digestive secretions in the young p»g m’e d c 
from those in the tract of the adult animal . ^ 

Pepsin activity is low at birth and increases markedly 
■weeks of age o Amylase activity m the small mtestme increases du 
the first ten days Maltase and sucrose activities are low at birth, w 
lactase is high and decreases as the animal matures Table 8 2 s o 
the activity of some of the important carbohydrases in the young pJS- 
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These differences in enzyme activities are of special significance 
where piglets are reared on early weaning diets. If young pigs are 
weaned at 14 days of age, their diet, especially regarding the types of 
carbohydrates, should be different from that for older animals weaned 
at 5-6 weeks. Early weaning mixtures usually include a high proportion 
of dried milk products containing lactose. 


Table 8.2. Weight of Disaccharide Hydrolysed per kg. Bodyvveight 
per Hour by Small Intestine Enzymes in Young Pigs 



Lactose (g) 

Sucrose (g) 

Maltose 

Newborn 

5-9 

0-06 

0-3 

Five weeks 

0-8 

1-3 

2-5 


Digestion in the Fowl 

The digestive tract of the fowl differs in a number of respects from 
that of the pig (see Fig. 8. 1). In the fowl the lips and cheeks are replaced 
by the beak, the teeth being absent. The crop or diverticulum of the 
oesophagus is a pear-shaped sac whose main function is to act as a 
reservoir for holding food, although some microbial activity occurs 
there and results in the formation of organic acids. The oesophagus 
terminates at the proventriculus or glandular stomach, which leads into 
the gizzard, a muscular organ which undergoes rhythmic contractions 
and grinds the food with moisture into a smooth paste. The gizzard, 
which has no counterpart in the pig, although it is often compared to 
the pyloric part of the mammalian stomach, leads into the duodenum, 
which encloses the pancreas as in mammals. The pancreatic and bile 
ducts open into the intestine at the termination of the duodenum. 
Where the small intestine joins the large intestine there arc two large 
blind sacs known as the caeca. The large intestine is relatively short 
and terminates in the cloaca, from which urine and faeces arc excreted 
together. 

The enzymes present in the digestive secretions of the fowl are 
similar to those in the secretions of mammals, although lactase has 
not been detected. Salivary a-amylasc is known to occur in the fowl, 
and the action of this enzyme on starch continues in the crop. 

The presence of grit in the gizzard, although not essential, has been 
shown to increase the breakdown of whole grains by about 10 per cent. 

The pancreatic juice of fowls contains the same enzymes as llic 
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mammalian secielion, and the ° 

hydrates m the small intestine is o,.amylase, maltase, 

m the pig The intestinal seeretion contains mucin, « 

sucrase and proteolytic enzymes absorptive organs, are not 

The caeca, which function „„ harmful effects 

essential to the fowl, since “bat the cellulose present 

Recent experiments with adult ““ty to any extent 

rn cereal grains is not broken down by ,„me hemi- 

during Its passage through the digestive tract, altnoug 
cellulose breakdown occurs 


AnsoRPTtoN OF Digested Nutrients 

Carbohdratcs The digestion of ^s'^Uesrsro^^ 

by the pig results m the production °f jmaU intestine 

sugars are normally absorbed through the ,be hver 

into the portal blood system and are then ^ al digestion 
Absorption of volatile fatty acids resulting from micro 

occurs m the Urge intestine f,™,ntation products can 

In the fowl, it is known that sugars and fermentation p 

be absorbed from the crop . mtestine 

The exact process of the absorption of hexoses fro fanned 

IS still uncertain, but it is thought that hexose pnosp before 

in the cells of the intestinal mucosa and then broken down ^ 

entering the blood The rates of absorption for ?s,„vier 

known to vary considerably, the pentose sugars having 
rate of absorption than the hexoses »rnlain the 

Fats Two separate theones have been put forward to P 
manner in which fat is absorbed from the small intestine emulsi- 
to the hypothesis, which is the onginal view, fats a 

fication arc hydrolysed by the enzyme, hpase, into fatV a 
glycerol These components then pass into the epithelial ce j 

intestinal mucosa, where the fatty acids are combined with g y 
to produce neutral fat again These fine ^obules of fat pass in 
lacteals of the vilh, enter the thoracic duct and join the genera 
lation It IS generally considered that phosphorylation is of consi 
able importance m this process of absorption 

According to the more recent partition theory of fat absorp » 
only part of the ingested fat is hydrolysed in the intestine, mono- a^^ 
di gljcendes being produced The triple combination of fatty ^ 
bile salt, monoglycende is an ideal emulsifying agent under 
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conditions existing in tlic upper part of the small intestine, and the fat is 
reduced to a fine emulsion of particle size less than 0*5 microns in 
diameter. In this fine state the particles of fat can be absorbed through 
the intestinal wall into the lymphatic system. One of the arguments 
put forward in favour of the partition theory is that the enzyme, lipase, 
would be able to hydrolyse only a small amount of the dietary fat 
in the short time that it remained in the small intestine. 

Proteins. The main products of protein digestion are amino acids, 
and the main site of absorption is the small intestine. Thence the 
amino acids pass into the portal blood and thence to the liver. 

Minerals. The absorption of mineral elements from the digestive 
tract is governed by many factors, but principally by the solubility 
of the element in contact with the absorbing membrane. 

In the case of calcium and phosphorus, an excess of either interferes 
with the absorption of the other. Vitamin D is known to promote 
the absorption of both calcium and phosphorus. It is known also 
that certain organic compounds such as the phosphorus-containing 
phytic acid form insoluble calcium and magnesium salts (phytates) 
which are broken down with difficulty; this is of special significance 
in poultry nutrition, where phytates are poorly utilised by the chick 
(see p. 79). 

The presence of oxalic acid in plants tends to render the calcium 
unavailable by forming insoluble calcium oxalate. It is difficult however 
to generalise about the effects of these insoluble organic compounds, 
since there arc species differences in the degree of breakdown of these 
materials, and there is also evidence that phytates and oxalates arc 
broken down in the rumen. 

The absorption of magnesium has received considerable attention 
recently in connection with the aetiology of hypomagnesaemic tetany. 
Studies with [28Mg] indicate that absorption of this clement from the 
tract of ruminants is frequently low, and as much as 90 per cent, of the 
ingested magnesium in herbage may be unavailable to the ruminant. 

The absorption of iron is to a large extent independent of the dietary 
source. The animal has difficulty in excreting iron from the body in any 
quantity, and therefore a method exists of regulating the iron absorption 
to prevent excessive amounts entering the body (sec p. 86). In adults 
the absorption of the clement is generally low, but after severe bleeding 
and during pregnancy the requirement for iron is increased, so that 
absorption of the element is also increased. Anaemia due to iron 
deficiency may, ho\scvcr, develop on iron-low diets. Experiments 
carried out vvilh dogs have shown that the absorption of iron by 
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anaem.Q an.mals may be 20 tjmes as 

dogs lt.sgen=rallybeUevedthat.ronmus bem^ 

absorplion can occur, and certain natural y ,on 

such L vitamin C favour iron absorption by reducing tn 

to the ferrous u,„,i,,a from the alimentary 

Zinc resembles iron in being POo^'s; f 

canal Calcium is believed to inhibit the , whereas 

Iodine IS present mainly as inorganic „ ,s 

in foods of animal origin it exists partly in an g j^^sorbed 

thought that the iodine in organic combination Ic 
than the morganic form , j,.estive 

rnnmim Vitamin A is more ^ 

tract than its precursor carotene, although it is tho ^ 
esters must Rrst be hydrolysed by an esterase to the alcohol f 
being absorbed The mam site of carotene ’ The 

intestine, and the bile salts play an important part m P'° of 

absorption of vitamins D, E and K is also governed yj^red 

bile Phytosterols are poorly absorbed, and it is " osuon 

that unless ergosterol has been irradiated to vitamin D 2 belo g 
It cannot be absorbed from the tract m any quantity 


Digestion in the Ruminant 

The stomach of the ruminant is divided mto four 
(see Fig 8 1) la the young suckling the first two ’ gj 

rumen and its continuation the reticulum, are relatively undeve p 
and milk reaching the stomach is channelled by a tube bke o 
tissue, known as the oesophageal ^oove, directly to the t ^ 
fourth compartments, the omasum and abomasum As the ca 
lamb begins to eat sohd food the first two compartments (often ^ 
sidered together as the reliculo rumen) enlarge greatly, until m 
adult they comprise 85 per cent of the total capacity of the stoma 
In the adult the oesophageal groove no longer functions and food pass 
into the rcticulo rumen 

The food is diluted by copious amounts of saliva and the 
of the rumen often exist in two phases, a lower liquid phase m which 
finer food particles are suspended and an upper one of coarser, so 
material The breakdown of food is accomplished partly by pbysica 
and partly by chemical means The contents of the rumen are con 
tinually mixed by the rhythmic contractions of its walls, and the coarser 
matenal arriving at the anterior end when the animal is ruminating wi 
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be regurgitated, chewed and returned to the rumen. Chemical break- 
down is brought about by enzymes, but the enzymes acting m the 
reticulo-rumen are secreted not by the animal itself but by bacteria 
and protozoa. 

The bacteria number 10® to 10t“ per ml of rumen contents. Many 

Table 8 3. Some common Species of Rumen Bacteria, Classified according to 
the Reactions they Bring about m vitro 


Type of 
organism 

Name 

Description 

Substances 

produced 

Cellulose-ferment- 

Bacteroides 

Gram negative 

Mainly acetic and 

ing 

suceinogenes 

rods 

succinic acids 


Ruminococcus 

Gram negative, 

Acetic, succmic and 


flavefaciens 

catalase nega- 
tive strepto- 
cocci, with 
yellow colonics 

lactic acids 

Starch- and sugar- 

Streptococcus 

Gram positive, 

Lactic acid and 

fermenting 

bovis 

capsulated 

polysaccharides 


Dutyrivibno 

Gram negative. 

Butyric, formic and 


fibrisolvens 

slightly curved 
rods 

lactic acids 


Succmiubno 

Gram negative. 

Succinic, formic and 


dextrinosolvens 

curved rods 

acetic acids 


Bacteroides 

Gram negative. 

Succinic, formic and 


rumtnicola 

oval or rod 

acetic acids 


Selenomonas 

Gram negative, 

Lactic, propionic and 


rununantium 

bean-shaped 

acetic acids 

Lactic acid- and 

Veillonella 

Gram positive 

Propionic and acetic 

succinic acid- 

gazogenes 

micrococcus 

acids 

fermentmg 

PeptostreptO' 

Gram negative. 

Fatty acids from Q 


coccus elsdemt 

non-motile 

to Ce 

Viiamm- 

Flavobactenum 


B group vitamins 

synthesising 

cilarumen 



Clostridium 

Gram positi>e. 

B group vitamins 


bulyncum 

sporc-forming 

rods 



diflfereiU species and strains have been recognised and isolated, and 
for descriptions of them the reader is referred to the works listed at 
the end of this chapter. Some of the better known species arc given 
m Tabic 8.3, where they arc grouped according to the food constituents 
they attack and to the substances they produce. The total number of 
bacteria in the rumen and the types which predominate at any one time 
depend on the nature of the ho$t*s diet. The highest total counts 
ha>c been recorded with diets largely composed of concentrates; 
diets rich in soluble carboh>drates encourage the growth of lactobacilli. 
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A noimal lunaen ilora is es.ablishcd quite early m Ufe-as early as sui 
weeks of age in calves 


eeks of age m calves but as they are 

PrctoToa are present m smaller ^^^ers ( “ f Two broad 

irgcr than bacteria they may equal the latter particles 

categones are recogmsed The o ^arhnbvdrates, including 


larger 


categones are recogmsed The o igo nc bohydrates, including 

and can utilise both simple and ““P' generally ingest 

cellulose The holotnchs on the o*er Jmud do not g 


cellulose The holotnchs on the other hanu oo 
food particles and cannot utilise cellu attnbutable to 

apparently accomplished by protozoa is to some 
aues,. toVa. ,TT wijh food oarticles 


apparently accomplished by protozoa is lo ^ thus been 

the bacteria they take m with food particles (protozoa nav 

described as ‘ micro ruminants *) .ifustrated by the 

The great activity of nimeu micro orgam 3 q 

fact that of the digestible dry matter untcnng .i^^entary canal The 
per cent eonUnues Us passage through the ,„lo soluble 

remaimngTO per cent is converted by the ° ^ the rumen 

and gaseous compounds which are absorbed I' nielchrog) 

tnto?heblood or, lathe ease org^es,los, by emctalio^^^^^ 

The combined contractions of the rumen and re P„asum 

mental in washing ftner particles of food 'hrotigh to ^ 

Here water is absorbed from the digesla before they en jt^^ptach of 

In this last compartment, which corresponds to ,,(,masum 

thepig,gaslncjuicecontaimngpepsmissecreted F the 

onwards the processes of digestion and absorption arc 

ruminant to those m simple stomached animals r ,1,. rununant 

D,geMn oj carboh>draM m the rumen The diet 01 in 
contains considerable quantities of cellulose, hemicellulo „jted 

carbohydrates which are aot attacked by the digestive 
by animals Thus in young pasture herbage, which is J ppU 

sole food, about 40 per cent of the dry matter consists of cellu 

hcmiccUuloscs, while m more mature herbage, hoy anU sir . 
proporuon IS generally higher The cellulose is associated \yi 
ing amount of hgmn It has been recognised since about l 
cellulose and hemicclluloses, but not ligam, are attacked oy 
micro-orgamsms and digested to the extent of at least 50 pe 
and possibly 80 per cent The important products of the 
for a long time thought to be monosaccharides, but it is now 
that if these arc formed they are almost completely fermente 
mixture of orgamc acids and the gases, carbon dioxide and met a 
Furthermore it is now well established that starch and soluble sug 
entering the rumen are readily broken down in the same manner 
The main end products of carbohydrate breakdown in the rumen 
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acetic, propionic and butyric acids Higher acids such as valeric 
arc also formed, but in much smaller amounts The processes giving 
rise to these acids are complex and not fully understood From Table 
8 3 It would appear that succinic and lactic acids are important inter- 
mediates, and these can in fact be detected m the rumen liquor The 
total concentration of volatile fatty acids in rumen hquor vanes 
between 0 2 and 1 5 g per 100 ml according to the animal’s diet and 
the time that has elapsed since the previous meal The relative pro- 
portions of the acids also vary, and some typical figures are shown 
in Table 8 4 


Table 8 4 Volatile Fatty Acids (VFA) m the Rumen of Cattle 
and Sheep Fed on vanous Diets 


Animal Diet 

Total VFA 
(m moles! 
litre) 

Individual VFA 
(molecular proportions) 

Acetic Propionic Butyric 

Higher 

acids 

Cow Silage (70 lb) 

m 

74 

17 

7 

3 

„ Pasture herbage 

143 

66 

IS 

12 

4 

„ Hay(161b)+ 1 

1 136 

S8 

24 

13 

6 

concentrates (20 lb) j 


„ Hay(2Ib)-h 1 

1 139 

41 

38 

9 

12 

concentrates (24 lb) J 


„ Steamed maize 

129 

34 

46 

6 

14 

Sheep Lucerne hay 



67 

23 

7 

4 

„ Dned grass 

— 

58 

22 

9 

2 

„ Maize 

89 

46 

32 

18 

4 


The predominant acid is acetic, and roughage diets, high m cellulose, 
give rise to acid mixtures particularly high in acetic acid As the pro- 
portion of concentrates m the diet is increased, the proportion of acetic 
acid falls and that of propionic rises The total weight of acids pro- 
duced may be as high as 3 kg per day m cows Much of the acid pro- 
duced IS absorbed directly from the rumen, reticulum and omasum, 
although some may be expected to pass through the abomasum and 
be absorbed m the small intestine In addition some of the products 
of carbohydrate digestion in the rumen are used by bacteria and 
protozoa to form their own cellular polysaccharides, but the amounts 
passing to the small intestine arc probably small and hardly significant 
The rate of gas production m the rumen is most rapid immediately 
after a meal and m the cow may exceed 30 litres per hour Carbon 
dioxide IS produced partly as a by-product of fermentation and partly 
by the reaction of organic acids with the bicarbonate present in the 
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saliva Methane most probably anses *^“'f'™jbohydrate 
dioxide, about 4 5 g being formed for every 100 g ot ea 

Most of the gas produced is lost by '"“=‘““°“;^^|“tenMorof the 
It causes the condition known as b oat >“ whmh th d 
rumen may be so great as to result m “ on young, 

animal Bloat occurs most commonly m ® gas production 

clover-rich herbage, and is due not so much to ^ gas is 

as to the failure of the animal to eructate be oromoted by 

trapped in the rumen in a foam, whose formation m y P 

subsLees present in the clover It is also P«^ ^ “^^janee 
controlhng eructaUon is inhibited by a physiolog J’ gloat 

which IS present in the food or formed dunng f ted 

IS a particularly senous problem in New Zcalan . ™ foanmg agents 
by dosmg the cows ot spraying the pasture with “ ® ^ the 

such as vegetable oils, or by suppressing rumen fermentation n, 
oral admimstration of large doses of peniallm deoends 

The extent to which cellulose is digested m the mm P 
particularly on the degree of hgmfication of the plant ma u-gak- 
IS Itself resistant to bacterial attack and appears to hinder th 

down of the cellulose with which It IS associated cent 

grass containing only 5 per cent ligmn in the dry matter, P 
of the cellulose may be digested, but m older herbage with P 
lignm the proportion of cellulose digested may be less than P 
Cellulose digestion is also reduced by increasing the amounts o 


or sugars m the diet vandes 

The breakdown of cellulose and other resistant polysacc 
IS undoubtedly the most important digestive process taking place 
rumen Besides contributing to the energy supply of the mnun 
It ensures that other nutrients which might escape digestion are re w 
from the plant cells and exposed to enzyme action Although t e 
factor m the process is the presence of micro organisms in the rum « 
there are other factors of importance The great size of the 
allows food to accumulate and ensures that sufficient tune is allowc 
the rather slow breakdown of cellulo'^ In addition, the movemen 
the rcticulo-rumcn and the act of rumination play a part by brea 
up the food and exposing it to attack by micro orgamsms , 

Digestion of protein Food proteins are hydrolysed to peptides an 
ammo acids by rumen micro-organisms, but some of the amino aci 
arc further degraded, by deamination, to organic aads, ammonia ^ 
carbon dioxide (see Fig 8 2) The ammonia produced may be absorbe 
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from the rumen into the blood, carried to the liver and converted into 
urea (see Chapter 9). Some urea is returned to the rumen via the 
saliva but the greater part is excreted in the urine, and so the deamina- 
tion of amino acids in the rumen represents a potentially serious tax 
on the protein of the ruminant’s diet. Fortunately, however, the 
degradative activities of the rumen organisms are to a large extent 
balanced by their synthetic activities, in which they build up microbial 
protein from both amino acids and from simpler sources of nitrogen — 
from the ammonia arising from deamination and from the non-protein 
nitrogen of the food. When the organisms are carried through to the 
abomasum and small intestine their cell proteins are digested and 
absorbed. An important feature of the formation of microbial protein 
is that bacteria are capable of synthesising essential as well as non- 
essential amino acids, thus rendering their host independent of dietary 
supplies of the former. 

The proportion of the food protein attacked in the rumen is unknown, 



Pio, 8.2. Disc&ilon and mciabollsm of nitroj^cnous compounds in (he rumen. 
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but It IS hkcly to be higher than M per cent o'fthe ammo 

90 per cent Consequently both ‘j*® A will depend very 
acid mature eventually absorbed by the |^^j,j,jj, 3 „d_d£amina 

muchonthebalanceoftherumenactmties ,i,„efore, of prolem, 

non may result m a net loss of Ugen 

on the other, the synthesis of protein f™” case'^the ammo acid 
of the food may produce a net gam In ei ^ 

composition of the protem teachmg the intestine 

different from that of the onginal food promin anunoma 

The significance of dearmnation and the “'’sorptio 
from the rumen has only »>““ f “Hltrlv^n t rate of 

mtrogen wasted in this way will ‘'‘'*f'!'’“'''^^whitis‘ trapped’ 

producuon of ammonia m the rumen and the rate greatetmth 

by synthesis of hactenal protem Ammonia -“f^Srefore 

high protein diets, particularly when the protein IS solubU and m ^ 

readily attacked Ammonia utihsation is ^ these 

of soluble carbohydrates, particularly s>e«l>, m J ’ synthesis 
supply the bactena with the energy needed for protein y 
On diets high in soluble protem and low m soluble Mt y 
amount of mtrogen leaving the rumen as ammoma imy 
A value of 14 g nitrogen per day has been suggested for P ja 
hay with a supplement of casein, this is equivalent j 

protein— coQSidcrably more than the maintcnaDce req 

the ammal theory the 

Uliluation of non protein mtrogen by the rununant ded^Aith 

rununant could exist without dietary protein if it were furnen 

mtrogen in an morgamc or simple organic form from which e 
organisms could synthesise protein In practice, 
most of their food mtrogen as protem, but m recent >ears it has 
an acceptable procedure to replace a part of the dietary 
simpler mtrogen-contaimng substances, particularly urea The 
lution IS made for economic reasons and is popular m areas 
protein nch foods are scarce and expensive, such as the desert ra 


of Australia 

Urea entering the rumen is rapidly broken down to ammoma, an ^ 
the extent to which it is used for protein synthesis will depen ^ 
those factors discussed above which mfluence the ‘ trappioS 
ammonia by rumen organisms Thus urea is most efficiently utuis 

whcnihedietisrelatiNelylowmmtrogenandhighmstarch Ingenc » 
not more than one quarter of the nmmnl s requirements for protein 
should be met by urea mtrogen, with greater amounts ihc conversion 
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to protein is often very inefficient, because of the absorption of ammonia 
from the rumen. Furthermore the consumption of excessive quantities 
of urea, or even of normal amounts in a short space of time, can be 
toxic to the animal. 

Digestion of lipids. The fats present in the food of ruminants are 
characteristically * soft * and contain a high proportion of residues of 
the Ci8 poly-unsaturated acids, linoleic and linolenic. Although there 
is evidence of considerable hydrolysis of lipids in the rumen, the more 
interesting modification of dietary lipids effected by rumen organisms 
is the hydrogenation or * hardening * of unsaturated fatty acids- This 
process is of considerable importance in determining the composition 
of animal body fats, which are rich in the saturated Cis acid, stearic. 
Thus the body fat of the grazing bullock is generally harder than that 
of the horse on the same diet. 

Synthesis of vitamins. The synthesis by rumen micro-organisms of 
all members of the vitamin B complex and of vitamin K has already 
been mentioned (see Chapter 5). In ruminants receiving foods well 
supplied with B vitamins the amounts synthesised are relatively small, 
but they increase if the vitamin intake in the diet decreases. The adult 
ruminant is therefore independent of a dietary source of these vitamins, 
but it should be remembered that adequate synthesis of vitamin B 12 
will take place only if there is sufficient cobalt in the diet. 

Microbial Digestion in the Horse 

Although the great size of its modified alimentary tract and its large 
population of micro-organisms make the ruminant pre-eminent as a 
digester of bulky foods, there are other domestic animals possessing 
these facilities to a lesser degree in wJiich a considerable proportion 
of the food may undergo microbial digestion. Even the pig, with its 
short and simple tract, harbours sufficient micro-organisms in its large 
intestine to digest more than half of the cellulose in concentrated foods. 

The horse has a simple stomach but a greatly enlarged caecum and 
colon, and these organs arc inhabited by micro-organisms \vith activ- 
ities very similar to those of rumen organisms. Cellulose is digested 
and fatty acids arc produced and absorbed, although the digestion of 
cellulose in roughages is less efficiently performed in the horse than in 
niminanls. Vitamins of the B complex arc synllicsiscd, but arc not 
alvsays produced or absorbed in quantities sufficient to meet require- 
ments. Microbial digestion of soluble carboh>dratcs and of proteins 
and lipids is limited, because these arc mainly digested and absorbed 
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before the digesU reach ^^rproducts of microbial 

the horse suffers from the " ‘“^and no opportunity 
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Chapter 9 


METABOLISM 

Metabolism is the name given to the sequence or succession of chemical 
processes that take place in the living organism Some of the processes 
involve the degradation of complex compounds to simpler materials 
and are designated by the general term katabohsm Anabolism de- 
scribes those metabolic processes in which complex compounds are 
synthesised from simpler substances Waste products arise as a result 
of metabolism, and these have to be transformed chemically and 
excreted, the reactions necessary for such tranformations form part 
of the general metabolism As a result of the various metabolic pro- 
cesses, energy becomes available for mechanical work, and for chemical 
work such as the synthesis of carbohydrates, proteins and hpids 

Energy Metabolism 

Energy may be defined as the capacity to do work There are various 
forms of energy, such as chemical, heat, electrical and radiant, all of 
which are interconvertible by suitable means Thus tlie radiant 
energy of the sun is utilised by green plants to produce complex plant 
constituents, and is stored as such The plants are consumed by 
animals and the constituents broken down, releasing energy which is 
used by the animal for mechanical work, for syntheses andforproviding 
heat under ad\er$c climatic conditions 

Heat umts are used to represent the various forms of energy invoKcd 
in metabolism, since all forms of energy are convertible into heat 
The basic unit is the caloric (cal), this being the quantity of heat required 
to raise the temperature of 1 g of water from 14 5 to 1 5 5* C Electrical 
measurements arc more accurately standardised, and the calorie is now 
olficially defined as 4 1855 international joules The calonc howc\cr 
is inconveniently small for use in nutrition, and the units usually cm- 
plo>cd are the kilocalorie (= 1,000 cal) and the mcgacalone 
(*=» 1,000, OOOcal) The former IS abbreviated to kcal or, less preferably, 
to Cal, and the latter to Meal. 

The chemical reactions taking pbcc in the animal body may be 
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e„Jcrgomc and ..wo^c a gam of 

„ay result m a loss of free '""f f™™ rScUons of lh= bofy 
arc termed ivcrflonic Most of > ,l,jl they may take 

arc endcrgonic and require a ^"PP')' katabolic changes 

place Tins energy ean be obta.ned f™"' „n be utdrsed 

Before the energy released by the connection bcWccn the 

for syntheses and other ytal^body P;^^“ ’nbout by mediating com- 
tuo must be established This is btofB"* ' ^ from one 

pounds Mlneh take part in both processes, picking up energy 
and transferring it to the other. . adenosine 

The most important mediating compoim h base, 

iriphosphate (ATP) Adenoune « „“'of S,c hydroxyl 

adenine, and the sugar, D ribosc Phosph ry monophosphate 

group at carbon atom 5 of the sugar gis c phosphate residues 

(AMP) (see Chapter 4). sueeess.se addl mns of p ospjw 

give adenosine diphosphate rcquirc^s a considerable 

formation of these last two phosphate '>“"‘1" of AMP 

amount of energy, which may be ^ , jralc break- 
er ADP svith an energy rich material {pyruvic acid to 

down, one of the steps is the change of Pb»sphnenolpy . 

- ' ' uUs m one molecule of ATP oemg p*« 


pyruvic acid, which results i 
from ADP 

CHi O OH 
ilOOK 

Phosphocnolpyruvjc aod 


+ ADP 


CHj 

, i_0 + ATP 
iooH 

Pyruvic acid 


Alternatively ATP may be produced mdirccUy 
oxidations involve addition of water to a substrate an i js 

of hydrogen, leaving an oxidised residue The hydrogen re 
removed as water, but the union with oxygen only occurs at 
senes of reactions A typical example is the removal of a ny 
molecule via the NAD'*’ pathway (sec diagram at top P 
The last three stages of the pathway are each fjom 

release of sufficient energy for the synthesis of a mole of A 
ADP and inorganic phosphate Each mole of hydrogen so oxi i 
in the body yields three moles of ATP , 

The energy fixed as ATP may be used for doing mechanical w 
in the performance of essential hfc processes m maintaining the anim » 
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as in muscle contraction This involves movement of the myosin 
and actin threads against each other, during which cross-linkages are 
broken and new ones formed The formation of an actm-myosin-ATP 



Reduced 

cytochromes 


Cytochromes 



NAD^ Nicotinamide adenine dinucleotide 

FAD Flavin adenine dlnucleotide 

complex IS an intermediate in this process and breaks down giving 
myosin and actm again, but the ATP is broken down to ADP and 
inorgamc phosphate It is this breakdown which provides the energy 
required for contraction 

The energy fixed as ATP may also be used to drive synthetic reactions, 
as m the first stage of fatty acid synthesis 


CHj 


-}-HS CoA+ATP^— > 


CHj 


•fA MP +PP -fHa 0 


COOH COS CoA 

Accuc acid Coenzyme A Acelyl coenzyme A Pyropliosphale 

The role of ATP in the trapping and utilisation of energy is illustrated 
diagramatically as follows 



Free energy for 
i/nthet t and work 


Free energy for 
lynthcitt and work 


fixation of energy in the form of ATP is a transitory phenomenon, 
and any energy produced m excess of immediate requirements is stored 
in more permanent form in such compounds as ihc phosphocrcaimc of 
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muscle, svhich is formed from crcatinc rvhcn ATP is m excess 

O OH 

^H=C-NHr NH=C-NhVoH 


]l-CHi-COOH + ATPf 
CHj 


i-CHr-COOH+ADP 

CHj 


Phosphocrcalinc 

Crcatinc 

Then rvhen the supply of ATP is Xe 

for energy, more ATP is produced from phosphocrcati V 

'^Even" malenals like phosphocrcatme 

stores of energy— most energy is stored m the ^ addition, 

small quanUlies of carbohydrate m the form of S 
protein may be used to provide energy ,gy direelly 

As well as this stored energy, the body also derive er^ 
from nutrients absorbed from the digestive traet O 
these IS glucose 

Glucose as an Energy Source . u 

Energy is released from glucose as the result of J gy 

may take place m two ways The most common is **'“ *’. ^ Vdown 
Embden and Meyerhof, in which the first step is the 
of glucose to pyruvic acid, as shown m Fig 9 1 Two rno 
are used m the imtial phosphorylaUons of stages 1 ana , . ^ 

fructose diphosphate so formed then breaks down to ^ve linked 
of glyceraldehydc 3 phosphate Subsequently an NAU 
dehydrogenation at stage 7 yields three moles of ATP, an ® ^ 

of ATP IS produced directly at each of stages 8 and 1 1 Ten m 
ATP are thus produced from one mole of glucose Since wo 
of ATP were used up, the net production of ATP from ADP is 
per mole of glucose i ♦ nn by 

The pyruvic acid then undergoes oxidative decarboxyia i 
reaction with coenzyme A to give acetyl coenzyme A 


CHj 

U 


+ HSCoA 


CHj 

*^i;osi 


+ CO2 + H2 


COOH 

Pyruvic aad Coenzyme A Acetyl coenzyme A 
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Thirty-eight phosphate bonds physw' 

mately 12 5 kcal of energy when brolten by y J commonly 
logical conditions Such phosp ^ not thermo- 

referred to as high energy bonds alt ® "^^j,scd thus yields a 
dynamically accurate Each mole of g energy 

total of 475 kcal of energy in utilisable form. 


Acetyl coenzyme A 


NADH 

NAO' 


■ ■ ilic acid 

I 


Oxalaceilc acid 


Citric acid 


(lATP)' 


Fumanc acid 
jFAOH.+-4 

FAO ^ 

Succinic acid 

ATP ♦— 

ADP*^ 

Succinyl coenzyme A 


hocitric add nADP* 

L-.":"^(3ATn 

Oxahucemte acid 
- Ketoglutanc acid 



NADH 

,„.(3ATP) 


FiO 9 2 The tncarbox>iic acid cycle 

content of glucose at 37® C is 703 kcal per mole, and the efficien y 
of free energy capture by the body is 

475/703x100 « 67 5 per cent 

Under certain conditions there may be no oxygen available for the 
oxidation of hydrogen removed via the NAD"^ pathway 
to allow the production of even a small amount of energy by the con 
version of glucose to pyruvic acid, the reduced NAD"^ produced a 
stage 7 in Fig 9 1 must be converted to NAD''’ again This ta es 
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place by the formation of lactic acid from pyruvic acid m the presence 
of lactic dehydrogenase 

CH3 

1 NADH 

C=04- 4- Lactic 

I -= > 

COOH dehydrogenase 

Pyruvic acid 

A net production of two moles of ATP is then possible from each 
mole of glucose under adverse conditions such as prolonged intense 
muscular activity The lactic acid may be transported to the liver, 
where it is converted into glucose and becomes available for further 
oxidation 

The second pathway of glucose oxidation m the body is the hexose- 
phosphate shunt This involves addition of water to phosphorylated 
glucose followed by a senes of NADP'*’ linked dehydrogenations, and 
may be represented m ioto as 

Glucosc-6-phosphate + 1 2NADP* -* 6 CO2 + PO4" + 1 2NADPH 

The oxidation of hydrogen via the NADP'*’ pathway yields thirty»six 
high-energy phosphate bonds The initial phosphorylation of the 
glucose uses one mole of ATP, leaving a net production of thirty-five 
high-energy bonds per mole of glucose The efficiency of free energy 
capture m this case is 

437 5/703 X 100 = 62 3 per cent 

The hcxosc-phosphatc shunt is important m tissues where a supply of 
reduced NADP"^ rather than reduced NAD'*’ is required 

Glycogen as an Energy Source 

As well as being obtained directly from the digcsti\c tract, glucose 
may become available for oxidation from the reserves of glycogen 
present m the body. Glucose 6-phosphate is produced by the action 
of inorganic phosphate and not ATP, so that energy production from 
glycogen IS slightly more efficient than when glucose is the source 

Propionic Acid oj an Energy Source 

In ruminant annuals considerable amounts of propionic acid become 


CH3 

choh+nad-*- 

COOH 

Lactic acid 
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Thirty eight phosphate bonds h°drolyts^under physi^ 

mately 12 5 kcal of energy when are commonly 

logieal eondilions Such P>>°f \ ’’“"f ,s not thermo- 

rercrred to as high energy bonds thus ymWs “ 

dynamically accurate Each mo e E energy 

total of 475 kcal of energy in ulilisable form 

Acetyl coeniyme A 


NADH Oxalaceiic aod 

^ )/ 

X 

NAD** — 7 

Citric acid 

halic acid 

t 

t 

1 , 

Fumanc acid 

Isocitnc acid 

C’ 

OxaUuccin c acid 

FAD*-r^ . 

Succinic acta 

ATP 

Sucanyl coenzyme A 

cc- Ketogluur c acid 


^*S!(3ATP) 

iH: 



NADH 

^PATP) 


Fig 92 ThcUicaibo:i>Lc aad c>de 

content of glucose at 37" C is 703 kcal per mole, and the efiicie cy 
of free energy capture by the body is 

475/703x100 = 67 5 per cent 

Under certam conditions there may be no oxygen available for 
oxidation of hydrogen removed via the NAD'*' pathway 
to allow the production of even a small amount of energy by t ® ^ 

version of glucose to pyruvic acid, the reduced NAD'^ produce 
stage 7 in Fig 9 1 must be converted to NAD'*’ again This ta 
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place by the formation of lactic acid from pyruvic acid in the presence 


of lactic dehydrogenase: 



CH3 

1 NADH 

C=0+ + 

1 

Lactic 

CH3 

CHOH+NAD 

1 

COOH 

dehydrogenase 

COOH 

Pyruvic acid 


Lactic acid 


A net production of two moles of ATP is then possible from each 
mole of glucose under adverse conditions such as prolonged intense 
muscular activity. The lactic acid may be transported to the liver, 
where it is converted into glucose and becomes available for further 
oxidation. 

The second pathway of glucose oxidation in the body is the hexose- 
phosphate shunt. This involves addition of water to phosphorylated 
glucose followed by a series of NADP'*' linked dehydrogenations, and 
may be represented m toto as 

Glucose-6.phosphate+12NADP+-»6C02+P04’'+12NADPH+H+. 

The oxidation of hydrogen via the NADP"^ pathway yields thirty-six 
high-energy phosphate bonds. The initial phosphorylation of the 
glucose uses one mole of ATP, leaving a net production of thirty-five 
high-energy bonds per mole of glucose. The efficiency of free energy 
capture in this case is 

437*5/703 X 100 = 62*3 per cent. 

The hexose-phosphate shunt is important in tissues where a supply of 
reduced NADP"*" rather than reduced NAD'*’ is required. 

Glycogen as an Energy Source 

As well as being obtained directly from the digestive tract, glucose 
may become available for oxidation from the reserves of glycogen 
present in the body. Glucosc-6-phosphatc is produced by the action 
of inorg.inic phosphatcand not ATP, so that energy production from 
glycogen is slightly more efficient than wlicn glucose is the source. 

Propionic AetJ as an Energy Source 

In ruminant animals considerable amounts of propionic acid become 
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avaJable to the body as a result of me le^e- ^ 

niatenal in the rumen The acid tot ,ha„gad to 

enzyme A to give prop.onyl coenzyme A. ivbicn 
succinyl coenzyrac A as follows 


CHj 

CHz + HS CoA — 
COOH 

Propionic Coen2yiiie 


ATP AMP 


CHi 

> CHj 

COS CoA 

PropiOflyl 
coeniyine A 


COz 9“’ 

J!_ CH-COOH 

I- 1 

ATP COS CoA 


Mclh>lmaloe)l 

coeozyme A 


COOH 

1 

CH: 

CHi 

COS CoA 

Suconyl co«u5’®* ^ 


The sucemyl coenzyme A may then enler Ihc tncaibo y . 
where it is changed to oxalacetic acid with ibc producUon 
of ATP The oxalaceUc aad then gives phosphoenolpyruv i 


CO COOH 
Oil COOH 


ATP ADP 

^ 


CHz 

C— O'-'® + 
COOH 


Oxalacetic aad 


Pbosphoenol- 
pyruTTC aod 


This IS then changed to acetyl coenzyme A, which is oxidised vu 
tnearboxyhe acid cycle The result is the formation of 18 mo es 

ATP from ADP per mole of propionic aad oxidised, le the forma o 

of 18 phosphate bonds each yielding approximately 12 5 kcal of energy 
on hydrolysis 
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A balance sheet may be prepared as follows: 

Moles ATP 
+ ” 

1 mole propionic acid to 1 mole oxalacetic acid 6 3 

1 mole oxalacetic acid to 1 mole phosphoenolpyruvic 
acid 1 

1 mole phosphoenolpyruvic acid to 1 mole acetyl 
coenzyme A 4 

1 mole acetyl coenzyme A to CO 2 and H 2 O 12 

Totals 22 4 

Net gain per mole propionic acid 18 

Normally propionic acid produced in the rumen is transported to the 
liver and changed into glucose, which is then used as a source of ATP. 
The yield of ATP is again 18 moles ATP per mole of propionic acid 
oxidised. 

Fat as an Energy Source 

As a result of the hydrolysis of fat, glycerol and fatty acids become 
available for energy production. The fatty acids are more important 
in this respect than the glycerol, which is first changed into dihydroxy- 


acetone phosphate: 


NADH 


CH 2 OH 

CH 2 OH 

+ 

CH 2 OH 

1 ATP ADP 

1 NAD* 

H* 


CHOH \ ^ 

CHOH \ 


1 ' 
CH 2 OH 

■ 1 

CH 2 O--® 


1 

CH 2 — o~© 

G lyccrol a-<j lycerophosphate 

Dihydroxyacctone phosphate 


This is then converted to acetyl coenzyme A, which is oxidised to 
carbon dioxide and water via the tricarboxylic acid cycle. The net 
gain of ATP from ADP is 22 moles per mole of glycerol. This is 
shown in the following balance sheet: 

Moles ATP 
+ — 

1 mole glycerol to 1 mole dihydroxyacctonc phosphate 3 1 

I mole dihydroxyacctonc phosphate to 1 mole acetyl 


coenzyme A 8 

1 mole acclyl coenzyme A to CO 2 and H 2 O 12 


Totals 23 I 

Net gain per mole gljccrol 22 


Pally acids undergo a process of degradation knovsn as /J-oxidation, 
which results in a progressive shortening of the carbon chain by 
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removaloftwocRrbonatomSRtR..n.e The first stage is leaction with 

coenzyme A m the presence of ATP 


CH2 

CH2 + HS CoA 



R 

CHz 


CH 


CH2 

1 


CH2 


COOH 

Fatty acid 


CH3 

COSCoA 



CH 

COS CoA 
! -HiO 


1 

R 

CHr 


CHOH 

C:H2 

COS CoA 


An acyl coeniyme A is thus produced wbch has degrada 

fevvcr than the onginal, and which can lUelf undergo fu 
Uon m the same way The process continues until enters the 


has been changed completely to acetyl coenzyme A --- ^nter 
Incarboxylic acid cycle and is oxidised to initial 


Vllk-lUUWAJIAlL< 4»V»AA VJVIV — 

each mole giving twelve moles of ATP from ADP *” axp is 

phosphorylation is only necessary once for each mole, more ^ 


phosphorylation is only necessary once lor eacu ^ n the 
produced for the expenditure of the same amount 


oxidation of a long-cham than a short chain acid The ^5 

ic acid would thus yield ten moles of ATP from reduced coc 

™ A iisrPA TTTniPQ nf acetvl coenzyme n 


caproic acid would thus yield ten moles 01 a 1 r iroui icuiavs.- ^ 

ansing during the production of three moles of acetyl 
These, when oxidised via the tncarboxyhc acid cycle, yield t 1 > 
moles of ATP from ADP The net gam of ATP, allowing for t e 
used m the imtial phosphorylation, is 44 moles per mole of cap 


SIX 

two 


acid oxidised, as shown below 


1 mole caproic acid to 3 moles acetyl coenzyme A 
3 moles acetyl coenzyme A to CO 2 and H 2 O 


Aides ATP 
2 


10 

36 


Net gam per mole caproic acid 


Totals 


46 

44 
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Ammo Acids as an Energy Source 

Amino acids in excess of the animal’s requirements may be kata- 
bobsed to give energy The ammo group is first removed by a process 
of deamination or transammation Deamination is only extensive 
in the liver under the influence of specific deaminases, e g 


COOH 

CH2 


Aspartic 


deaminase 


CHNHz 

llOOH 

Aspartic acid 


COOH 

I 

CH +NH3 

I! 

CH 
COOH 
Fumanc acid 


The majority of ammo acids undergo transamination when they 
react with a-ketoglutaric acid to give a keto acid and glutamic acid, 


as follows 




COOH 


COOH 


1 

CH2 

R 

1 

CH2 

R 

j 

CHj + 

1 

j 

CHNH2 ^ 

1 

j 

^ CH2 4 - 

1 

0=0 

1 

c=o 

COOH 

1 

CHNH2 

[ 

COOH 

j 

COOH 


j 

COOH 


a Ketoglutanc acid 


Glutamic acid 



The glutamic acid is then deaminated by a specific deaminase to give 
ammonia and a ketoglutaric acid Excess of glutamic acid derived 
from the food is similarly deaminated The a-kctoglutanc acid may be 
used for further transamination, ormay enter the tricarboxylic acid cycle 
and be oxidised to give oxalacclic acid and energy The keto acids 
produced in the transamination reactions also enter the tricarboxylic 
acid cycle, being first changed to pyruvic acid or acctyl coenzyme A 
by a vanety of pathways The pyruvate and oxalacctatc residues may 
also be converted into glucose One of the consequences of ammo 
acid katabohsm is the production of ammonia, which has to be elimi- 
nated from the body It is first changed into carbamic acid, which is 



134 ANIMAL NUTRITION 

then phosphorylated to give rarbamyl phosphate 
2 ATP 2 ADP 

\ / .MH, r — o — P — 0“ 

CO2+KH3— cooh 

O OH 

. Caibamyl phosphate 

Carbamic acjd 

This then reacts with ornithine to ornnhine and urea 

further ammonia to give the ammo a^, “Si represented 

ate then produced by hydrolysis The reacUon may be rep 

as follows Carbamyl phosphate 



Urea^ x 

Arginme 
Furoanc acid 

In assessing the efficiency of energy production the 
for urea synthesis must be set against that obtained by o , _ -y 

carbon residue of the ammo acid If we take glutamic aci . 

ample, this is first dcaminatcd to a ketoglutanc aad, ^hic e 
tncarboxylic acid cycle and is changed to oxalacetic acid, w c 
IS changed to phosphocnolpynivic acid, as shown on p 13 
then oxidised to carbon dioxide and water via pyruvic aci , 
coenzyme A and the tncarboxylic acid cycle The ammoma p 
duced by deaimnation is eliminated as urea A balance shee m y 
prepared as follows ^fp 


Deanunation of 1 mole glutamic aetd 
1 mole a ketoglutanc acid to oxalacetic acid 
1 mole oxalacetic acid to phosphoenolpynivic aad 
1 mole phosphoenolpynivic acid to CO 2 and H 2 O 
1 mole ammoma to carbamyl phosphate 
1 mole citrullme to arginme 

Totals 


28 

23 


Net gam from 1 mole glutamic acid 
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The efficiency as sources of energy of tire nutrients discussed is 
summarised in Table 9.1. 


Table 9 1. Comparison of the Efficiency of certain Nutnents as 
Sources of Energy as ATP 


Nutrient 


moIeATPl maleATPl 
mole nutrient 100 g nutrient 


kcal heat of com- 
bustion per mole 
ATP produced 


Glucose 
Propionic acid 
Glycerol 
Caproic acid 
Acetic acid 
Glutamic acid 


38 

21 2 (4) 

17 7 (1) 

18 

24 3 (2) 

20 4 (4) 

22 

23 9 (3) 

18 0 (2) 

44 

37 9 (1) 

18 9 (3) 

10 

16 7 (5) 

20 9(5) 

23 

15 6(6) 

— 


Figures in parenthesis denote order of efficiency 


Protein Synthesis 


Proteins ate synthesised from ammo acids which become 
either as the end-products of digestion or as a result of synffietio 
processes witkin the body The latter may take place y rans 
tion, as m the following examples 


COOH 

COOH 

COOH 

1 

COOH 

1 

LhNHi 

(>=0 

c=o 

1 

CHNH2 

1 

1 

CH2 + 

CH2 -< — 

CHz + 

1 

CH2 

1 

c:h2 

toOH 

GHz 

1 

COOH 

COOH 


COOH 


Glutamic acid 

Oxalacclic acid 

« Kctoglulanc acid 

Aspartic aad 

COOH 

COOH 

COOH 

j 

COOH 

1 

CHNH2 + 

1^=0 -1— 

^ c=o + 

1 

CHNH 2 

1 

(1:h2)2 

CHj 

(CH2)2 

1 

CH 3 

COOH 


COOH 


Glutamic aad 

PjTUMC aad 

a Kctoglulanc aad Alanine 
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The alamne may then be used m making senne 




NADH 

+ 

H+ 

COOH Alanine 

Pyruvic 

COOH 

1 

COOH 

NAD+ 

acid 

CHOH 

CHz — 0 — ® 

\ 


»Lo \ 


CHNHz 



CH2— o— © 


1;H2-0-® 

phosphosenne 

Phosphogl>ccric 

and 



Phosphopyruvic 

acid 







-HzO 





/ 






/ 






/ 

->HjP04 


COOH 

(ZHNHa 

(:H20H 

Senne 


Senne can then be changed to ^ycine by addition of water and remova 
of a formyl group by letrahydrafolic acid (see p 68) together wit an 
NADP'*’ linked dehydrogenation 


COOH COOH 

CHNHz inzNHz 

iHlOH 

Senne Glyane 

Ammo acids may also be formed by reaction of keto acids with 
ammomum salts or urea, and arguune, as we have already seen, may be 
synthesised during urea formation 

Not all ammo acids, however, are capable of being synthesised 
in the body, and so they have to be supphed to the animal in the 
products of digestion, others arc not synthesised at sufficient speed 
to satisfy the needs of the body, and these also have to be supplied to 
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the animal. Such amino acids are known as the Essential Amino Acids. 
The word * essential ’ as used here docs not mean that yet other amino 
acids are not required for the well-being of the animal, but simply that a 
supply of them is not necessary in the diet. All the twenty-five amino 
acids normally found in the body are physiological essentials; some 
ten or eleven are dietary essentials. As would be expected, the actual 
list of essential amino acids differs from species to species. In cattle 
and sheep, bacterial synthesis of amino acids in the rumen renders the 
inclusion of any specific amino acids in the diet unnecessary (see 
Chapter 13). 

The amino acids absorbed into the blood stream from the gut are 
then transferred into the cells. This requires a supply of energy, since 
the concentration of amino acids in the cell may be up to one hundred 
times that in the blood and transfer into the cell has to take place against 
a very considerable concentration gradient. A continuous exchange 
takes place between the blood and cellular amino acids, but not between 
the free amino acids and those of the tissue proteins. The tissue pro- 
teins themselves undergo breakdown and resynthesis, the stability 
varying with different tissues. Thus liver protein has a half-life of 
seven days, while collagen on the other hand is so stable as to be 
considered almost completely inert. 

The first step in protein synthesis is the enzymatic activation of the 
amino acids in the presence of ATP, to give complexes as follows: 

Amino acid-l-ATP+Enzyme-»>Amino acid-AMP-Enzyme-f-pp. 

Each amino acid has its own specific activating enzyme. In the 
activated state the amino acid combines with a molecule of transfer 
ribonucleic acid (RNA). Again, for each amino acid there is a specific 
transfer RNA which carries it to the ribosomes, where the amino acids 
are aligned at the surface of the messenger RNA. The transfer RNA 
molecule may be visualised as a hairpin, the legs being twisted around 
each other. The amino acid is attached to the free end of one of 
the legs. The bend of the hairpin carries a sequence of nucleotides 
which determines the position it takes up on the messenger RNA. 
TWs in turn has a sequence of nucleotides which decides, where each 
molecule of transfer RNA is attached. The actual active centre of the 
messenger RNA has a group of three out of four bases (sec Chapter 4). 
The nature and order of the bases vary, and each corresponds to the 
base arrangement of the specific transfer RNA molecules. The actual 
code has been largely deciphered and the triplets of bases corresponding 
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Tryp TrypwptiRrt 


The ammo acids then jom together by means of peptide linkages, 
and peel off as a polypeptide chain, as shown 



The formation of each peptide bond requires the change of one nwl^e 
of ATP to ADP This is the pnmary form The chain then beco 
arranged m a secondary spir^ form stabilised by hydrogen 
The tertiary structure involves extensive coilmg and folding o 
chain and is stabilised by hydrogen bonding, salt Imkages and su p 
bridges. The quaternary structure mvolves polymerisation of the asi 
units 

The bases of the tnpicts of the messenger RNA are presen 
monophosphate, thought to be derived from base tnphosphates 
this IS so, then in the formation of one triplet, equivalent to one ammo 
acid, the energy of six phosphate bonds is dissipated. Smee ® 
messenger RNA disintegrates after synthesis and has to be resynthesise 
for further protein formation, this expenditure of six bonds per ammo 
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acid must be considered as part of the energy cost of protein 
synthesis. 

The sequence of amino acids in a particular protein is determined 
by the structure of the messenger RNA. This is synthesised in the 
nucleus, where its structure is controlled by the deoxyribonucleic acid 
(DNA) of the nucleus. Protein structure is thus controlled ultimately 
by the inherited DNA of the nucleus. 

The mechanism of protein synthesis discussed does not involve 
addition of amino acids to an already formed peptide compound; 
all the amino acids are placed and joined simultaneously by conden- 
sation to form peptides. Unless all the amino acids required to 
synthesise the peptide are present at the right time, no synthesis takes 
place, and the amino acids which are present are then removed and 
katabolised. Considerable wastage of amino acids may take place 
if an incomplete mixture is presented for synthesis. 


Fat Synthesis 

The glycerides of the depot fat may be derived from the glycerides 
of the blood, or from fatty acids and glycerol synthesised in the 
body. 


Fatty acid synthesis 

Until recently, fatty acid synthesis was visualised as taking place by 
the reverse of the well established /?-oxidation pathway of fatty acid 
breakdown. A number of workers have now shown that the addition 
of two carbon compounds to tlie fatty acid chain is not a function 
of acetyl coenzyme A but of malonyl coenzyme A. The first stage is 
the transformation of acetyl coenzyme A to malonyl coenzyme A, as 
follows: 


CH3 

(!;os-CoA 


+ATP+CO2 


Mn++ 

Biotin 

Enzyme 


COOH 

(!:H2 

c!:os-coA 


+ADP 


Acclyl cocnzymc A 


Malonyl cocnzymc A 


The malonyl coenzyme A reacts with a synthetase to give a malonyl 
enzyme complex, which then reacts with further acclyl cocnzymc 
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umis whea these me available m ,“hate 

foUov-s 

Glucose 
ATP H 

Glucose 6-phosphate 

Glucosc-l-phosphate 

,UTP H 

'' Uridme diphosphate glucose -v (GlucosyDn+l 
+ Glycogen 

(Glucosyl)n 

Gl>cog«i 



■Whea glycogen releases glucose, it does so by ''‘‘’'i” “'ose-l- 

hosphate m the ptescoce of a phosphorylasc to gi & 


phosphate 

phosphate 


Lactose Synthesis elucose 

Lactose is a disaccharide formed by the condensation o on 
and one galactose molecule A supply of glucose is read y a 
but the galactose has to be synthesised from the ^jocose 

This involves a configurational change at carbon atom 4 ol tne g 
The synthesis may be represented schematically as follows 


2 Glucose 


•j_2ATP 
0^2 ADP 

Glucose I phosphatc+-2 Glucose 6-phosph 

y 


'Y 


lUTP 

^ r 

GDP Glucose 

U i 

p UDP Galactose 


U phosphate 


-UDP 


-Glucose- 
Lnctosc-l phosphat' 

I 

Lactose 


ADP 
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Estimates of the energetic efficiencies of the synthetic processes 
described are variable, since certain assumptions have to be made in 
the calculations Generally carbohydrate synthesis is regarded as the 
most efficient at about 90-95 per cent, with protein synthesis and 
lipogenesis about 20 per cent less efficient, and Iipogenesis the least 
efficient of the three 


Control of Metabolism 

The overall control of metabolism rests with the endocrine secretions 
such as thyroxine, which may raise or lower the metabolic rate in 
accordance with the amounts in which it is secreted At a lower level 
a considerable degree of control is built into the metabolic pathways 
themselves The rate of glucose breakdown via the Embden-Meyerfaof 
patliway, for example, is controlled by the reaction 

1-3-diphosphogIyceric acid+ADP-^3-phosphogIyceric acid-l-ATP 

When ATP is being used up rapidly its breakdown ensures a plentiful 
supply of ADP and phosphoric acid, the reaction thus proceeds 
rapidly from left to right If on the other hand ATP is not being used, 
the supply of ADP and inorganic phosphate is reduced and so is the 
speed of the reaction The rate of glucose oxidation is thus tuned 
to the energy requirements of the body 


Further Reading 

iC L Blaxter, 1962 The Energy Metabolism of Ruminants Hutchinson, London 
M KiiiBER 1961 The Fire of Life John Wiley and Sons, New York 
W D McElrov, 1961 Cellules Physiology and Biochemistry Prcntice-Hah, 
New Jersey 

H N MunroandJ B Allison (cd ), 1964 Mammalian Protein Metabolism, \ oil 
Academic Press, New York and London 
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A to give butyryl coenzyme A, as follows 


CH 3 


0 + COSCoA 


CO2 

t 


lonyl 

yme 

tiplex 


CH3 nadph 

COH 

\ 


11 

s-CH ■ 


c=o 

I 

® 


CHj 

1 

CHi 


NADP 


CHj CH 3 

CHOH H 2 O CH 


in, 

ioSCoA 


CHz 


c=o 

I 


Coenzyme A 

t 


Butyryl coeozyme A 


>CH 

0=0 


^fmn 


CHj 


c:H2 


(!i=o 

i 


The butyryl coenzyme A then reacts with further malonyl cocnzyme A, 
resulting in a lengthening of the chain by two carbon atoms to give 
caproyl cocnzyme A This m turn reacts with malonyl coenzyme 
to give capryl coenzyme A Such chain elongation does not take place 
indefinitely, but tends to stop when chain lengths of sixteen or eighteen 
carbon atoms are attained 

The cocnzyme A denvatives of the saturated fatty acids may undergo 
an FAD linked dehydrogenation to give unsaturated acyl denvatives 
of cocnzyme A, as follows 


FAD FADHz 

Saturated acyl cocnzyme ^-^Unsaturated acyl coenzyme A 

Only monocthenoid denvatives, such as oleic acid, are produced m 
this way Dielhenoid and tnethenoid denvatives, like Imoleic and 
Unolemc acids, are not synthesised and must be supphed in the diet 

Glycerol Synlhesis 

Glycerol is synthesised m the body from glucose The latter is first 
broken dov^n via the Embdcn Meyerhof pathway to dibydroxyacctone 
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phosphate. This then undergoes reduction to a-glycerophosphate: 
NADH 


CHz— O- 

I 

0=0 


-® 


H+ 

\ 


NAD+ 


GHz— O— d 
CHOH 


CH2OH CH2OH 

Dihydroxyacetone phosphate a-GIycerophosphate 

In this form glycerol may be esterifled by the acyl coenzyme A molecules 
produced as above to give phosphodiglycerides : 

CH2— O— © CH2— O— @ 


CHOH + 2 R COS CoA- 


CHOOOR + 2 HS CoA 


CH2OH CH 200 C-R 

a-Glycerophosphate Acyl coenzyme A Phosphodiglyceride Coenzyme A 

The phosphate residue is then removed by the action of a phosphatase, 
and the diglyceride so formed reacts with another acyl coenzyme A to 
give a triglyceride: 


CHj— O— d 
llHOOC-R 
H2OOCR 


Phosphatase 




Acyl 

CH 2 OH coenzyme A 

I 

CHOOC-R — !—- > 


CHzOOC-R 

c:hooc-r 

fcHzOOC'R CHzOOC-R 

Fats may be synthesised entirely from glucose, or they may be 
derived in part from acetic acid. It is interesting that in the mammary 
gland the hexose-phosphate shunt is the major pathway for glucose 
breakdown since it provides the reduced NADP+ specifically required 
for fatty acid synthesis. 


Carbohydrate Synthesis 

The formation of glucose from simpler molecules such as propionic 
and kcto acids has been discussed already. Glucose itself serves as the 
source material for the synthesis of two other important carbohydrates. 
These arc the chief storage carbohydrate, glycogen, and milk 
or lactose, the synthesis of which is specific to the mammary gland 
of the lactating animal. 


G/ycof/c« Synthesis 1 t c,« 

Glycogen is a complex polysaccharide made up of condense 8 *^^° 
residues (Chapter 2), and has the ability to add on further glucose 
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mils when these nre available in the ^ne tnphMphate ^TP) 

follows 

Glucose 
ATP S 


Glucose 6 phosphate 

Glucose 1 phosphate 
P N 

’’ Undine diphosphate glucose -> (GlucosyOn^.! +UP 


(GlucosyOn 

Gbcogen 


When glycogen releases glucose it does so by reacuon 
phosphate m the presence of a phosphorylase to give g 
phosphate 


Lactose Synthesis 

Lactose is a disacchande formed by the condensation of one 
and one galactose molecule A supply of glucose is readily ' 

but the galactose has to be synthesised from the available 
This mvolves a configurational change at carbon atom 4 of the g 
The synthesis may be represented schematically as follows 


rtUTP Glucose 1 phosphate-<-2 Glucose 6-phosphaU 

U^P Glucose 1 

/ L 

p'^ UDP Galactose ^^Glucose 1 phosphate 
UDP — Lactose I phosphate 

I 

Lactose 


ADP 
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Estimates of the energetic efficiencies of the synthetic processes 
described are variable, since certain assumptions have to be made in 
the calculations. Generally carbohydrate synthesis is regarded as the 
most efficient at about 90-95 per cent., with protein synthesis and 
lipogenesis about 20 per cent, less efficient, and lipogenesis the least 
efficient of the three. 


Control of Metabolism 

The overall control of metabolism rests with the endocrine secretions 
such as thyroxine, which may raise or lower the metabolic rate in 
accordance with the amounts in which it is secreted. At a lower level 
a considerable degree of control is built into the metabolic pathways 
themselves. The rate of glucose breakdown via the Embden-Meyerhof 
pathway, for example, is controlled by the reaction 

1-3-diphosphoglyceric acid+ADP^3-phosphogIyceric add -f ATP. 

When ATP is being used up rapidly its breakdown ensures a plentiful 
supply of ADP and phosphoric acid,* the reaction thus proceeds 
rapidly from left to right. If on the other hand ATP is not being used, 
the supply of ADP and inorganic phosphate is reduced and so is the 
speed of the reaction. The rate of glucose oxidation is thus tuned 
to the energy requirements of the body. 


Further Rcadino 

K. L. Blaxter, 1962. Tltc Dwgy Metabolam of Ruminants. Hafc/ifttsan, Landaa. 
M. Kleiber, 1961. The Fire of Life. John Wiley and Sons, New York. 

W. D. McElrov, 1961, Cellular Phystohgy and Diochemlslry. Prcnlicc-HaH, 
New Jersey. 

H. N. htUNROAND J. B. Aluson (cd.), 1964. Maiiunahan Protein Metabolism, Vol I. 
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Chapter 10 


THE EVALUATION OF FOODS 

(a) digestibility 


part of U which IS not absorbed and IS excreted m the fae^ 

The digestibdity of a food is most accurately defined as toat P 
portion which is not excreted in the faeces and which is, er * 
assumed to be absorbed by the animal It is commonly 
terms of dry matter and as a percentage, the digestibility wemm 
For example, if a cow ale 11 lb of hay contammg 101b . 

and excreted 4 lb of dry matter m its faeces, the digestibility ol 
hay dry matter would be 
10— d 

X 100 = 60 per cent 

Coefficients could be calculated in the same way for each constituent 
of the dry matter Although the proportion of the food not excre^e^ 
m the faeces is commonly assumed to be equal to that which is absor 
from the digestive tract, there are objections to this assumption, 
which wiU be discussed later 

The Measurement of Digesttbtluy 

In a digestibility trial, the food under mvestigalion is given to the 
animal m known amounts and the output of faeces measured More 


This chapter marts a change from qualitaUvc to by 

Those preceding it have shown what subsmnres 
animals! how these substances are supphrf m foods and the 
which they are utihsed This chapter and ^ uTwhich 

!™:mtu;«~dr;d:of*^ 

can be determmed by chemical analysis, but the fo, 

food to the animal can be amved at only after mating ^ 

the mevitable losses that occur dunng digestion, 

meiabolism The first tan imposed on foods IS that represented y 
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hjo 10 1 Apparatus for the collection of faeces m dificsiibiUiy trials 
(a) Metabolism ca^c for sheep Note wire mesh door, collection sliutc and 
sieve (also shown on nthl) for separating fac«s and urine The former pass ov cr 
the sieve into the front Cdark-coiourcd) container (By courtesy of the Rovvett 
Research Institute ) 
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than one animal is used, firstly because animals, even when of the same 
species, age and sex, differ slightly in their digestive ability, and secondly 
because replication allows more opportunity for detecting errors of 
measurement. 

In trials with mammals, male animals are preferred to females because 
it is easier to collect faeces and urine separately with the male. They 
should be docile and in good health. Small animals are confined in 
metabolism cages (Fig. lO.la) which separate faeces and urine by an 
arrangement of sieves, but larger animals such as catUe are fitted with 
harness and faeces collection bags made of rubber or of a similar 
impervious material (Fig. 10. lb). For females a special device channels 
faeces into the bag while diverting urine. Similar equipment can be 
used for sheep. 

For poultry, the determination of digestibility is complicated by the 
fact that faeces and urine arc voided from a single orifice, the cloaca. 
The compounds present in urine are mainly nitrogenous, and faeces 
and urine can be separated chemically if the nitrogenous compounds 
of urine can be separated from those of faeces. The separation is 
based either on the fact that most urine nitrogen is in the form of uric 
acid or that most faecal nitrogen is present as true protein. It is also 
possible to alter the fowFs anatomy by surgery so that faeces and urine 
are voided separately. 

The food required for the trial should if possible be thoroughly 
mixed beforehand, to obtain uniform composition. It is then given to 
the animals for at least a week before collection of faeces begins, in 
order to accustom the animals to the diet and to clear from the tract 
the residues of previous foods. This preliminary period is followed 
by a period when food intake and faecal output are recorded. This 
experimental period is usually 5 to 14 days long, with longer periods 
giving greater accuracy. With simple-stomached animals the faeces 
resulting from a particular input of food can be identified by adding 
an indigestible coloured substance such as ferric oxide or carmine to the 
first and last meals of the experimental period; the beginning and the 
end of faecal collection are then delayed until the dye appears in and 
disappears from the excreta. With ruminants this method is not 
successful because the dyed meal mixes with others in the rumen, and 
instead an arbitrary time-lag of 24 to 48 hours is normally allowed for 
the passage of food residues, i.e. the measurement of faecal output 
be^ns 1 to 2 days after that of food intake. 

In all digestibility trials, and particularly those with ruminants, 
it is liighly desirable that meals should be given at the same time each 
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day and that the amounts ot food eaten for example, 

day. When intake is irregular there is t P onusually large the 
that if the last meal of the “P<="' P“‘fdlved until after the 

subsequent increase in y output of faeces rcs^^^ 

end of faecal collection. In this sdnn"®” jorostimated and digesti- 
from the measured intake of food analysing samples of 

bility overestimated. The trial is P 

the food used and the faeces “““'ed- y sheep 

Table 10.1 gives an example of a digcstib y 

TABUS 10.1. nesuluot«Dts»ub^.yTnalinnh,chThnxSh^^ 
vicre Fed on Hay 

1 The average quantiiy oE hay dry matter faeces 0 76 

wtth the following resu u 

(percenlage of dry mailer): tj free 


Hay 

Faeces 


Organic 

uiatter 


919 
87 0 


Crude 

protem 

93 

no 


1-5 
1 5 


35 0 
317 


46-1 
42 S 


2. From these fisures the iMrSfculated 

vfhich were consumed, excrct^ and, by difference, 6« 
as follows (kg)' 

Dry Organic Crude MiroeraM 

mailer matter protein extract fi 


Consumed I 63 

Excreted 0 76 

Digested 0 87 


I 50 
0 66 
084 


0 15 
0 08 
0 07 


0 02 
0 01 
0 01 


0 57 0 75 
0 24 0 33 
0*33 0 “*3 


3. The digestibility coefficients were calculated by expressing the weigh 
digested as percentages of the weights consumed: 

Dry Organic Crude Ether Crude 
matter matter protein extract fibre 

53 4 56 0 46 7 50 0 57 9 56 0 

4 Finally, the composition of the hay was calculated in terms of diges 
nutrients with the followmg results* 

Digestible Digestible Digestible DigesMe 
argarue crude ethee emde 

matter protein extract fibre 


51 5 


43 


08 


20 3 


25 8 
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were fed on hay for a preliminary period of ten days and an experi- 
mental period of ten days. The results for three animals have been 
combined as averages. 

In this example the food in question was roughage and could 
be given to the animals as the sole item of diet. Concentrated foods, 
however, are not normally given alone to ruminants because they cause 
digestive upsets, and their digestibility must be determined by giving 
them in combination with a roughage of known digestibility. Thus 
the hay of the example could have been used in a second trial in which 
the sheep also received 0*5 kg of oats per day. If the dry matter content 
of the oats was 90 per cent, daily dry matter intake would increase by 
0*45 kg, and if the output of faecal dry matter increased by 0*15 kg the 
digestibility of the dry matter in oats would be calculated as 

0-45-0-15 

— jr-r? — X 100 » 67 per cent 
0*45 ^ 

Special Methods for Measuring Digestibility 
Indicator tnethods. In some circumstances the lack of suitable 
equipment or the particular nature of the trial may make it impractic- 
able to measure directly either food intake or faeces output, or both. 
For instance, when animals are fed as a group it is impossible to measure 
the intake of each individual. Digestibility can still be measured, 
however, if there is present in the food some substance which is known 
to be completely indigestible. If the concentrations of this indicator 
substance in the food and in small samples of the faeces of each animal 
are then determined, the ratio between these concentrations gives an 
estimate of digestibility. For example, if the concentration of the 
indicator increased from 1 per cent, in the food dry matter to 2 per cent, 
in the faeces, this would mean that 50 per cent, of the dry matter had 
been digested and absorbed. In equation form. 

Digestibility 

_ pgr cent, indicator in faeces— per cent, indicator in food ^. 

per cent, indicator in faeces 

The indicator may be a natural constituent of the food or be added 
to it. Lignin is used as a natural indicator, and the substance most 
commonly added is chromic oxide, Cr^Oj. 

Measuring the digestibility of the herbage eaten by grazing animals 
presents a particularly dinicult problem. It might appear that lignin 
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could be used as an indicator, but it is extremely 

the bgnin content of the herbage eaten by ® ^^,3 ,0 and leaf 

IS thatanunals graze selectively, prefeiMgyo gP 

to stem, and the herbage they actually ““X „eans that 

content lower than that of a out ““PXo''" “ n ,he imposition of 
estimates of digestibility must be ba^d en y temeen 

the faeces Fortunately there is a close posit ^ faeces, 

herbage digestibility and the the nitrogen 

which permits digestibdity to be esUmated by determining 

concentrations of small samples of faeces Hieeslibilily trials 

Laboraurymethodsofeslimatmg digcslibili y attempts made 

arc laborious to perform, there have been num 
to determine the digestibdity of foods by reproduc g 
alory the reactions which take place in the ,is 

animal Digestion in non ruminants is not easily ™ ‘ f„m 

enurety, but the digestibility of food protein acid 

Its susceptibiUty to atuck m miro by pepsin hf'°X"ad„ced 
The microbial digesuon occumng m ruminants ^ ,,guor 

in the laboratory by meubatmg a sample of the food with rumen liq 
in an ‘ artiEcial rumen’ n ^ 

The artificial rumen, which is used to study qualitative 
quantitaUve aspects of digestion, has as its essential pJJ 

vessel and arrangements to ensure anaerobiosis and a uniiorm ^ 

In more elaborate models the dynamic stale of the ^ ddinn 

reproduced by dialysmg out the products of digestion and by a 
’artificial saliva’ The in vilro digestibility coefficient is etc 
as the proportion of the food brought into solution during ^ t is 
Ideally it should be equal to the m vivo coefficient, but usual^ i 
smaller and a correction factor must be used to predict the coe ci 
applying in the animal rnate 

The artificial rumen is particularly useful for obtaining approx 
digestibility values for a large number of samples, as in the ana y^^ 
of farm roughages for advisory purposes, and for determining 
digestibility of small samples such as those available to the p ^ 
breeder 


The Validity of Digestibility Coefficients 

The assumption that the proportion of food digested and absorbe 
can be determined by subtracting the part excreted m the faeces is open 
to question on two counts The first is that m ruminants the methane 
ansmg from the fermentation of carbohydrates is lost by eructation, 
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and not absorbed. This loss leads to overestimation of the digestible 
carbohydrate and digestible energy content of ruminant foods. 

More serious errors are introduced by the fact that, as discussed in 
Chapter 8, not all the faeces are actual undigested food residues. Part 
of tlie faecal material is contributed by enzymes and other substances 
secreted into the gut and not reabsorbed, and by cellular material 
abraded from the lining of the gut. Thus if an animal is fed on a 
nitrogen-free diet it continues to excrete nitrogen in the faeces. Since 
this nitrogen is derived from the body and not directly from the food, 
it is known as the metabolic faecal nitrogen; the amounts in which it is 
excreted are approximately proportional to the animal’s dry matter 
intake. ^Faeces also contain appreciable quantities of ether-extractable 
substances which are of metabolic origin. Some of the ash fraction 
of faeces is contributed by mineral elements secreted into the gut, 
because the faeces serve as the route of true excretion of certain minerals, 
particularly calcium. 

The excretion in faeces of substances not arising directly from the 
food leads to underestimation of the proportion of the food actually 
absorbed by the animal. The values obtained in digestibility trials 
are therefore called apparent digestibility coefficients to distinguish 
them from the coefficients of true digestibility. In practice the latter are 
difficult to determine, because the fractions of the faeces attributable 
to the food and to the animal are in most cases indistinguishable from 
one another. Apparent coefficients arc satisfactory for organic con- 
stituents of foods, and they do represent the net result of the ingestion 
of food. Apparent coefficients for mineral elements, however, are often 
meaningless, because they depend so much on the animal’s need for a 
particular clement. If a digestibility trial follows a period when large 
amounts of calcium have been stored, for example, the animal may 
excrete more calcium in the faeces than it ingests in the food, and a 
negative coefficient will result. 

Factors Affecting Digestibility 

Food composition. The digestibility of a food is closely related to its 
chemical composition, and a food like barley, which varies relatively 
little in composition from one sample to another, will show little 
variation in digestibility. Other foods however, particularly fresh 
or conserved herbages, arc much less constant in composition and 
therefore vary more in digestibility. The crude fjbrc fraction of a food 
has the greatest influence on its digestibility, and botli the amount and 
chemical composition of the crude fibre arc important. Pure cellulose 
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,s readily digested by ruminants ^ th“ elMose. the 

(see Chapter 8), but if “ ^ 

digestibility of the crude fibre oarticular food, such as 

increase m the proportion of crude fibre in P^^t by 

occurs in maturing pasture h^afic, S ^„„sequent reduction m 
greater ligmfication of the cell wall dmestibility of other 

crude fibre digestibihty inevitably owers * .be^acccss of digestive 

:j:is^bSro/Sif^ta\oX:X::=^^ oumtformmmanls 

and oftwice this value for pigs dependent 

The apparent digestibihty of crude this is that 

upon the proportion of protein in the food dietary 

the metabolic faecal nitrogen represents a constant 
mtrogen and protem In nimmants the ou p -.r i no g of food 
nitrogen is equivalent to about 3 g of crude Pt°«“ P“ ‘X®, ^ (i e 
dry matter eaten If the food contains 6 per cent pretem 

6 g per 100 g of diy matter), the apparent linear cent , 

eannotbegreaterthan 50 percent , “ Uer and“he 

the effect of the metabolic faecal mitogen is relatively snmller a 
maiumum possible apparent digestibility of the food Pt® ,^55 

IS per cent A consequence of this effect is that foods co , 
than 3 per cent of crude prolcm, such as cereal straws, may 

reduce the digestible protein supply of the animal j„„tonlv 

Ration composition The digestibility of a food is influenced n 
by its own composition, but also by the composition o o 
consumed with it This associative effect of foods represents a 
objection to the determination of the digestibility of concen 
difference as described on page 147 For example, a samp e o 
might differ in digestibility according to whether it . ay 

hay or with silage, or barley given with hay might alter the diges 
of the roughage itself This effect is partly explained by re.^nw 
acquired knowledge of digestion la the rumen In Chapter 8 i 
mentioned that the extent of digestion m the rumen depends ve^ mu ^ 
on the balance of nutrients and that, for example, an excess of so u 
carbohydrates in the diet will depress the digestion of cellulose 
Preparation of foods The commonest treatments applied to 
are chopping, chaffing, crushing or gnnding, and cooking lu 
obtam maximum digestibility cereal grains should be crushed for ca 
and ground for pigs, otherwise they may pass through the gut in c 
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The chaf&ng of roughages has little effect on digestibihty, but if apphed 
to materials of poor quality, such as the cereal straws, it will prevent 
the animal from selecting the palatable and more digestible parts 
The grinding of roughages often depresses their digestibility by increas- 
ing the rate at which they pass through the gut Cooking does little 
to improve digestibility, except m the case of maize and potatoes given 
to pigs and poultry 

Animal factors Digestibility is more a property of the food than of 
the consumer, but this is not to say that a food given to different 
animals will always be digested to the same extent The most important 
animal factor is the species of the consumer Foods low in fibre are 
equally well digested by ruminants and non ruminants, but more 
fibrous foods are better digested by ruminants Apparent digestibility 
coefficients for proteins are frequently higher for pigs because their 
excretion of metabolic faecal nitrogen is smaller than that of ruminants 
Differences between the digestive abilities of sheep and cattle are small 
and of no practical importance The age of the ammal has little effect 
m non-rummants, nor in ruminants once they have acquired a normal 
rumen flora 

Level of feeding An increase m the quantity of a food eaten by 
an anunal causes a faster rate of passage of digesia The food is then 
exposed to the action of digestive enzymes for a shorter period, so that 
there may be a reduction m its digestibility This level of feeding effect 
IS a complex one, and its magnitude depends particularly on the nature 
of the food The dry matter digestibility of fresh or conserved grass 
IS reduced only by 1 to 3 units when intake is increased by 50 to 100 
percent For concentrates the effect is more complicated, because they 
arc eaten by ruminants with a roughage If rougliagc and concentrate 
arc increased m equal proportions, and Uic composition of the diet is 
unchanged, the magnitude of the level of feeding effect is the same as for 
roughages alone If on the other hand concentrate intake alone is 
increased, the composition of the diet changes and the reduction 
m Its digestibility is greater The effect may then be due partly to the 
associative effect of foods, discussed above 

The Total Digestible Nutrients System for Cialuaiing Foods 
Tables giving the proximate composition of foods generally include 
values for digestible composition It should now be clear that the 
latter values arc average figures, not biological constants, and may be 
inaccurate when applied to a particular sample of food given to a 
particular animal Average dtgcsubila> cocincicnls must Uicrcforc be 
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used wilh caution, especially ™hen the food ^ 

may show considerable vanations m ““Pf ° f“ Jods is 
are important nevertheless, for the digcstib e p calculating 

used m several systems of food evaluation as a has. fo " ® 
their energy supplying power The Starch “,ud a 

Europe will be described in Chapter 12, m ^e 
number of other countries foods are evaluated m tenm ^ 

DigesUble Nutrients (TDN) In this system a value is calcula 
each food as follows 

TDN = per cenL dig crude protein+per cent dig crude flbr 
+ per cent dig NFE +2 25 (per cent dig ether estract) 

Thus the hay quoted in Table 10 1 wfould have a TDN value of 52 J 
The ether extract is multiplied by 2 25 because the ener^ va ue 
IS approxunately two and a quarter times as great as tha o 
hydrates The TDN system has not been used m the Umted Kingd 
except m the feedmg of pigs In companson with other sys e 
expressing energy value it has the merit of simplicity Its disa va 
IS that It fads to take into account that the efficiency with whicn ue 
digested energy yielding nutrients are metabolised and made aval a 
to the animal vanes from one food to another 


The Aiailabihty of Mineral Elements 

As mentioned above the faeces serve as the route for true excretion 
of certain minerals, particularly calcium, phosphorus, magnesium an 
iron, and apparent digestibility coefficients for these thus have Ut e 
significance The measure of importance is therefore true digcstibihty, 
which for minerals is commonly called ‘ availabihty ’ To measure 
the availability of a mmeral one must generally distmguish between 
the portion m the faeces which represents unabsorbed matenal and the 
portion which represents matenal discharged into the gut from the 
tissues In recent years this distinction has been made by labelhng an 
element within the body, and hence the portion secreted into the gut, 
with a radioactive isotope 

In considenng the factors which alTect availability one needs to start 
with atlnbutes of the ammal, for the generabsation made earlier, that 
digestibility is a feature more of the food than of the ammal consuming 


U, IS not applicable to mineral availability Firstly, mineral availability, 
like that of orgamc nutncnls, vanes with the species of animal An 
outstanding example of a speacs difference m this respect, which has 
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been referred to earUer, is the superiority of ruminant over non-rumin- 
ant species in their ability to utilise phytate phosphorus. But the 
major feature of the animal which influences availability is undoubtedly 
age. For calcium, phosphorus and magnesium it has been shown that, 
while availability is often close to 100 per cent, in young animals, it 
falls steadily with increasing age until values at maturity may be less 
than 50 per cent, for calcium and even as low as 20 per cent, for 
magnesium. In part this decline is brought about by the inevitable 
changes in diet experienced by am'mals as they age, availabih'ty being 
generally high for milk and milk products. 

Differences between foods in the availability of minerals are often 
due to interactions among the elements themselves or between minerals 
and other constituents of the diet. These interactions have been 
discussed previously in Chapter 8. The classic example is the depend- 
ence of calcium and phosphorus absorption on the relative proportions 
of the two elements in the food and on the vitamin D status of the 
animal. 

While no attempt is made here or in Chapter 8 to provide a complete 
list of the factors which influence the availability of minerals, those 
mentioned serve to illustrate why no attempt is made in tables of feed 
composition to give values for availability comparable to the digesti- 
bility coefficients commonly quoted for organic nutrients. Because the 
availability of the minerals in a particular food depends so much on the 
other constituents of the diet and on the animal to which it is given, 
average values for availability would be of little significance. 

Digestibiiity and Food Consumption in Ruminant Animals 

The diet of ruminants commonly contains a high proportion of the 
bulky foods known collectively as roughages, and indeed may consist 
of them entirely. Roughages range in dry matter digestibility from over 
80 per cent, for fresh pasture herbage to Jess than 40 per cent, for cereal 
straws. Those at the lower end of this range arc dilute sources of 
digestible nutrients, and the animal consuming them has to pass large 
quantities through its digestive tract in order to satisfy its nutrient 
requirements. While the ruminant has a large capacity for food, the 
quantities it can consume may still be limited by the rale at which it can 
break down and remove food from its digestive tract. 

The rate of removal depends on two processes; the absorption of the 
digestible constituents of the food, and the passage of the indigestible 
constituents through the tract and their expulsion in the faeces. While 
the whole of the digestive tract is «>nccmcd with these processes, it is 
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behaved that the overall rale of removal « 

by the rate at which drsesta are cleared from the mmen 

The properties of a food which determine . ,1,5 cxlenl 

digested are basically the same as ,Mily are broken 

to which ,t IS digested Fibrous foods of physical 

down slowly, because in the first instance the ra 

commmution can take place IS low. Apart from dclayi g 



Apparent dl^eiiiblt ty of dietary energy (* ) 


Fio 102 Food consumption and digestibility m sheep M on 
roughages (After K L Blaster F W Wamman and R. S Wilson 
1961 .4mni Prod 3 51) 

enzymes to the food constituents, slower physical breakdown leads to a 
more lengthy retention of food m the rtimen, for only particles of sma 
size are permitted to pass on down the tract Chemical digestion in the 
rumen is retarded by the larger quantities of cellulose m fibrous foods, 
since cellulose is digested relatively slowly There is, then, a relation 
between digestibility and rate of digestion which leads m turn to a 
relation between digestibility and food consumption The nature of the 
latter relationship is made clear by considenng the case of an animal 
being allowed to eat roughage to appetite at discrete meals The more 
digestible the food is and the faster it is removed from the rumen, 
the greater will be the space cleared in the rumen m the interval between 
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meals, and the more the animal will be able to eat. (This effect of 
digestibility on food intake should not be confused with the effect 
of intake on digestibility mentioned previously, whereby reducing the 
amount of food given causes a small increase in its digestibility.) 

An example of the relationship between digestibility and food con- 
sumption is shown in Fig. 10.2, which relates to sheep given various 
roughages to appetite as their sole item of diet. Digestibih'ty here 
is expressed as the coefficient for food energy (see Chapter 11), but 
the percentages approximate to those for dry matter. Sheep given 
solely oat hay, 40 per cent, digestible, ate less than half as much dry 
matter as when they were given dried grass, 74 per cent, digestible. 
The difference in digestible dry matter intake is, of course, much greater, 
intake from the dried grass being four times as great. 

This relationship between digestibility and food consumption in 
ruminants is a general one, and it may be modified by the influence 
on intake of properties of foods other than digestibility. If roughages 
are finely ground, for example, their digestibility is reduced but their 
consumption is increased, both effects being attributable to the faster 
rate at which the fine particles leave the rumen and pass on down the 
gut. When a diet of roughage is supplemented with a concentrate, the 
increase in total food intake which generally takes place is often greater 
than can be accounted for by the higher digestibility of the supplemented 
diet. For highly digestible roughages, differences in digestibility may 
have a relatively smaller effect on intake than for less digestible materials 
(as Fig. 10.2 suggests). Indeed it is possible that, when high levels of 
digestibility arc attained, food consumption in ruminants is no longer 
limited by the rate at which digesta can be removed from the tract, 
but is controlled in the manner of non-ruminants (Chapter 14). The 
latter respond to improvements in the concentration of digestible 
nutrients in their diet by eating less food, not more, and thus maintain 
digestible nutrient intake at an approximately constant level. 
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Chapter 11 


THE EVALUATION OF FOODS 

(b) the energy content of foods and the partition of 

FOOD energy within THE ANIMAL 


The major organic nutrients ate required by animals “ 
the construction of body tissues and the synthesis of such p 
milk and eggs, and they are needed also as sources of ^5 

done by the animal. A unifying feature of these diverse func 
that they all involve a transfer of energy, and this applies o 
chemical energy is converted into mechanical or heat “‘[Sy. 
nutnents ate oxidised, and when chemical energy is converted 
form to another, as for example when body fat is synthesised fro 
carbohydrate The ability of a food to supply energy is tbeteiote 
great importance m determining its nutritive value. The purpos 
this chapter and the next is to discuss the fate of food energy in 
animal body, the measurement of energy metabolism and the expression 
of the energy value of foods 


Tie Demand for Energy 

An ammal depnved of food continues to require energy for those 
functions of the body immediately necessary for life — for the mechamca 
work of essential muscular activity, for chemical work such as the move- 
ment of dissolved substances against concentration gradients, and for 
the synthesis of expended body constituents such as enzymes an 
hormones In the starving animal the energy required for these pur- 
poses IS obtained by the katabolism of the body’s reserves, first of 
glycogen, then of fat and protein In the fed ammal the primary demand 
on the energy of the food is in meeting this requirement for body main- 
tenance and so preventing the katabolism of the animal’s tissues 
When the chemical energr of the food is used for the muscular and 
chemical work involved m mamtenance, the ammal does no work 
on its surroundings and the energy used is converted into heat Energy 
so used IS regarded as having been expended, smee heat energy is useful 
to the animal only m mamtaimng body temperature In a fasting 

1S6 
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animal the quantity of heat produced is equal to the quantity of chemical 
energy expended for body maintenance, and when measured under 
specific conditions is known as the animal’s basal metabolism In 
Chapter 14 it will be shown how estimates of basal metabolism are 
used in assessing the maintenance energy requirements of animals 
Energy supphed by the food m excess of that needed for maintenance 
IS used for the various forms of production (More correctly, the 
nutnents represented by this energy are so used ) A young growing 
animal will store energy principally m the protein of its new tissues, 
a fattemng ammal stores energy m fat, and a lactating animal will 
transfer food energy into the energy contamed in milk constituents 
Some other forms of production are the performance of muscular 
work and the formation of wool and eggs No function, not even 
body maintenance, can be said to have absolute pnonty for food energy 
A young ammal receiving adequate protein but insufficient energy for 
maintenance may still store protein while drawing on its reserves of 
fat Similarly, some wool growth continues to take place in animals 
with sub-maintenance intakes of energy, and even in fasted animals 

The Supply of Energy 
The Cross Energy of Foods 

The animal obtains energy from its food The quantity of chemical 
energy present in a food is measured by converting it into heat energy, 
and determining the heat produced This conversion is earned out by 
oxidising the food by burning it, the quantity of heat resulting from 
the complete oxidation of unit weight of a food is known as the gross 
energy or heat of combustion of that food 
Gross cner^ is measured m an apparatus known as a bomb calon- 
meter, which m its simplest form consists of a strong mclal chamber 
(the bomb) resting in an insulated tank of water The food sample 
IS placed in the bomb, and oxygen admitted under pressure The 
temperature of the water is taken, and the sample is then ignited 
clcctncaliy. The heat produced by the oxidation is absorbed by the 
bomb and the surrounding water, and when equilibrium is reached the 
temperature of the water is taken again The quantity of heat produced 
IS then calculated from the rise m temperature and the weights and 
specific heats of the water and the bomb 
The bomb calorimeter can be used lo determine the gross energy of 
whole foods or of their constituents It is also used for animal tissues 
and for the excretory products of animals Some topical gross energy 
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values arc shown m Table 11 1 iffercncc reflecting the 

umes as much energy as ™bohydrates the d.ffemnce^^^^ ^ 

larger ratio of carbon plus hydrogen to capable of yielding 

are in a lower stale of oxidation and are, Ihcrcfo , P 

more energy when oxidised) fmong food 

value than carbohydrates In spite of these dillerences 

Table 11 1 Some typical Gross Energy Values 
(kcal per g of dry matter) 

Animal tissues j j2 

Beef muscle (ash free) o ^7 

Beef fat (ash free) 


Food coasiuuen/s 
Glucose 
Starch 
Cellulose 
Casein 
Buitcrfat 

Fat (from oily seeds) 


3 74 
423 

4 18 

5 86 
9 21 
9 33 


Foods 

Maize 

Oau 

Oat straw 
Linseed oil meal 
Grass hay 

Milk (conlainmg 4 per cent fat and 
12 6 per cent total solids) 


4 43 
4 68 

4 43 

5 12 

4 51 

5 95 


constituents, the predonunance of the carbohydrates meaM . 
foods of farm animals vary little in gross energy content ^ . 

rich in fat such as Imseed oil meal with 9 per cent ether 
have high values and only those nch m ash, which has no 
value, are much lower than average Most common foods co 
about 4 4 kcal per g or 2000 kcal per lb of dry matter 


Digestible Energy 

The gross energy value of a food is an inaccurate estimate of t e 
energy actually available to the animal because it fails to take m o 
account the losses of energy occurring dunng digestion and metabous 
The first source of loss to be considered is that of the energy containe 
in the faeces The apparently digestible energy of a food is the gross 
energy less the energy contained m the faeces which result from any 
particular mput of that food 

In the example of a digestibility trial given in Table 10 1, the sheep 
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ate i-63 kg of hay dry matter having an energy content of 4-30 kcal 
per g. Total energy intake was ^erefore 7009 kcal per day. The 
0*76 kg of faeces dry matter contained 4*48 kcal per g, or a total of 
3405 kcal, per day. The apparent digestibility of the energy of the hay 
7009 — 3405 

was therefore — — xlOO or 51*4 per cent., and the digestible 

51*4 

energy content of the hay dry matter was x4*30 — 2*21 kcal 
per g (1003 kcal per lb). 

Metabolisable Energy 

The animal suffers further losses of energy-containing substances in 
its urine and, if a ruminant, in the combustible gases leaving the 
digestive tract The meiabolisable energy of a food is the digestible 
energy less the energy lost in urine and combustible gases. The energy 
of urine is present in nitrogen-containing substances such as urea, 
hippuric acid, creatinine and allantoin, and also in such non-nitrogenous 
compounds as glucuronates and citric acid. 

The combustible gases lost from the rumen consist almost entirely 
of methane. Methane production is closely related to food intake, 
and at the maintenance level of nutrition about 8 per cent, of the gross 
energy of the food is lost as methane. At higher levels of feeding the 
proportion falls to 6 or 7 per cent. 

The metabolisable energy value of a food is determined in a feeding 
trial similar to a digestibility trial, but in which urine and methane, as 
well as faeces, are collected. Metabolism cages for sheep and pigs 
incorporate a device for collecting urine. The urine of cattle is caught 
in rubber urinals attached below the abdomen for males and over the 
vulva for females, and is piped by gravity or suction to a collection 
vessel. When methane production is measured the animal must be 
kept in an airtight container known as a respiration chamber. The 
operation of such chambers is described in more detail later (p. 167). 

When no respiration chamber is available, methane production can 
be estimated as 8 per cent, of gross energy intake. In addition, it is 
possible to estimate the metabolisable energy values of ruminant foods 
from digestible energy values by multiplying by 0-8.’ This implies that, 
on average, about 20 per cent, of the energy apparently digested is 
excreted in the urine and as methane. 

Factors affecting the metabolisable energy values of foods. Table 1 1.2 
shows metabolisable energy values for a number of foods. It is clear 
that, of the sources of energy loss so far considered, the faecal loss is 
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Table 11 1 


Some typical Gross Energy Values 
(Veal per g of dry matter) 


Animal tluuts ^ 32 

Beef muscle (ash free) » 

Beef fat (ash free) 


Food consJituenis 
Glucose 
Starch 
Cellulose 
Casern 
Butterfat 

Fat (from oily seeds) 

Foods 
Maize 
Oau 

Oat straw 
Linseed oil meal 
Crass hay 

Milk (containing 4 per cent fat and 
12 6 per cent tout solids) 

constituents, the predominance of the carbohydrates mcaM 
foods of farm ammals vary liUlc in gross energy content n Ltract 
rich m fat, such as linseed oil meal with 9 per cent et er 
have high values, and only those nch in ash, which hw no 
value, are much lower than average Most common foods c 
about 4 4 kcal per g or 2000 kcal per lb of dry matter 


3 74 
423 

4 IS 

5 86 
9 21 
9 33 


4 43 
4 6S 

4 43 

5 12 

4 51 

5 95 


Digestible Energy 

The gross energy value of a food is an inaccurate estunate o ® 
energy actually available to the ammal, because it fails to take m 
account the losses of energy occurring during digestion and metabo 
The first source of loss to be considered is that of the energy contains 
m the faeces The apparently digestible energy of a food is the gross 
energy less the energy contained in the faeces which result from any 
particular input of that food 

In the example of a digestibihty tnal given in Table 10 I, the sheep 
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ate 1-63 kg of hay dry matter having an energy content of 4*30 kcal 
per g. Total energy intake was therefore 7009 kcal per day. The 
0*76 kg of faeces dry matter contained 4*48 kcal per g, or a total of 
3405 kcal, per day. The apparent digestibility of the energy of the hay 

was therefore - xlOO or 51*4 per cent., and the digestible 

51'4 

energy content of the hay dry matter was x4*30 = 2*21 kcal 
per g (1003 kcal per lb). 

Meiabolisabje Energy 

The animal suffers further losses of energy-containing substances in 
its urine and, if a ruminant, in the combustible gases leaving the 
digestive tract. The metabolisable energy of a food is the digestible 
energy less the energy lost in urine and combustible gases. The energy 
of urine is present in nitrogen-containing substances such as urea, 
hippuric acid, creatinine and allantoin, and also in such non-nitrogenous 
compounds as glucuronates and citric acid. 

The combustible gases lost from the rumen consist almost entirely 
of methane. Methane production is closely related to food intake, 
and at the maintenance level of nutrition about 8 per cent, of the gross 
energy of the food is lost as methane. At higher levels of feeding the 
proportion falls to 6 or 7 per cent. 

The metabolisable energy value of a food is determined in a feeding 
trial similar to a digestibility trial, but in which urine and methane, as 
w‘cll as faeces, arc collected. Metabolism cages for sheep and pigs 
incorporate a device for collecting urine. The urine of cattle is caught 
in rubber urinals attached below the abdomen for males and over the 
vulva for females, and is piped by gravity or suction to a collection 
vessel. When methane production is measured the animal must be 
kept in an airtight container known as a respiration chamber. TIic 
operation of such chambers is described in more detail later 167). 

When no respiration chamber is available, methane production can 
be estimated as 8 per cent, of gross energy intake. In addition, it is 
possible to estimate the metabolisable energy values of ruminant foods 
from digestible energy values by multiplying by O-S.’ This implies that, 
on average, about 20 per cent, of the energy apparently digested is 
excreted in the urine and as methane. 

Factors affecting the metabolisable energy values of foods. Tabic 1 1.2 
shows metabolisable energy values for a number of foods. It is clear 
that, of tlic sources of energy loss so far considered, ihc faecal loss h 
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by far the most important Even for a food of high digesUbihty like 
barley, twice as much energy is lost m the faeces as m the unne an 
methane The mam factors affecting the metaboUsable energy v^ues 
of a food are therefore those which influence its digestibility Thc^ 
have been discussed earlier (Chapter 10), and the emphasis here wi 
be on urine and methane losses 


Table 11 2 Metabolisable Eneigy Values of some typical Foo^ (Not 
corrected for Plane of Nutntion of for Nitrogen Balance) 

(All values are expressed in kcal per lb food dry matter) 





Energy lost in 

Melopo! 



Gross , 


— 


isable 

food 

Anintal 

energy 

Faeces Unne 

Methane 

energy 

Maize 

Steer 

2050 

309 

88 

138 

1515 

Maize 

Pig 

2051 

175 

41 


1835 

Maize 

Fowl 

2010 

240 


— 

1770 

Wheat 

Fowl 

1970 

310 


— 

1660 

Oats (ground) 

Fowl 

2130 

760 


— 

1370 

Oats (tiae ground) 

Fowl 

2090 

670 


— 

1420 

Bailey 

Fowl 

19g0 

530 


— 

1450 

Barley meal 

Pig 

1$98 

301 

61 

— 

1536 

Bailey meal 

Cow 

1989 

449 

86 

123 

1331 

Oats (ground) 

Pig 

2103 

599 

67 

— 

1437 

Wheat bran 

Steer 

2060 

653 

109 

154 

1144 

Coconut cake meal 

Pig 

2061 

692 

284 


1085 

Dned ryegrass (young) 

Sheep 

2112 

370 

165 

177 

1400 

Dned ryegrass Onatuie) 

Sheep 

2060 

770 

70 

ISO 

1070 

Meadow fescue hay 

Sheep 

1955 

583 

97 

163 

1112 

(young) 







Meadow fescue hay 

Sheep 

1947 

822 

61 

148 

916 

(mature) 







Lucerne hay 

Steer 

1990 

888 

104 

140 

858 


The metabolisable energy value of a food will obviously vary accord 
mg to the species of animal to which it is given In non ruminants 
energy losses as methane are negbgible, which means that for foods 
such as concentrates which are digested to much the same extent by 
ruminants and non ruminants, metabolisable energy values wiU be 
greater for the non ruminants This is illustrated m Table 1 1 2, where 
values for barley given to cattle pigs and fowls are compared Differ 
enccs betuseen cattle and sheep m unne and methane losses of energy 
are, like those m faecal losses, small and of no significance 
The metabolisable energy value of a food will vary according to 
whether ihe ammo acids it supplies are retained by the ammal for 
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protein synthesis, or are deaminated and their nitrogen excreted in the 
urine as urea. In the latter case the energy excreted in the urine will 
be greater by 2*53 kcal/g urea excreted (or 5*4 kcal/g urinary nitrogen). 
For this reason metabolisable energy values are frequently corrected 
to zero nitrogen balance. The factor used in the correction is greater 
than 5-4 kcal/g urinary nitrogen, because some nitrogen is excreted in 
compounds containing more energy per g nitrogen than urea contains. 
For ruminants a factor of 7*45 kcal/g nitrogen has been used, and for 
poultry one of 8*22 (poultry excrete much nitrogen as uric acid, which 
has a calorific value of 2*74 kcal/g or 8*22 kcal/g nitrogen). If an 
animal is excreting more nitrogen in its urine than it is absorbing from 
its food (i.e. is in negative nitrogen balance — see Chapter 13), some of the 
urine nitrogen is not derived from the food, and in this case the meta- 
bolisable energy value must be subjected to a positive correction. 

The manner in which the food is prepared may in some cases affect 
its metabolisable energy value. For ruminants the grinding and pellet- 
ing of roughages leads to an increase in faecal losses of energy, but this 
may be partly offset by a reduction in methane production. For poultry 
the grinding of cereals has no consistent effect on metabolisable energy 
values. 

A factor of considerable importance in determining the metabolisable 
energy value of foods for ruminants is the quantity given or level of 
feeding. This is best defined in relation to the energy requirement 
of the animal, an intake of food supplying energy just sufficient for 
maintenance being regarded as having unit value. In fully fed non- 
lactating animals the level of feeding may increase to a maximum of 
about three times the maintenance level. The effect of doubling the 
level of feeding, from maintenance to twice maintenance, is to increase 
faecal losses of energy by up to 10 kcal per 100 kcal food energy, to 
reduce losses of methane by about I kcal per 100 kcal and to reduce 
urine losses to a smaller extent. The additional losses in faeces caused 
by increasing intake arc less for highly digestible foods than for materials 
of poorer quality. The overall effect of doubling intake is to depress 
the metabolisable energy value at the maintenance level by less than 
5 per cent, for foods high in metabolisable energy, but by as much as 
15 per cent, for poor-quality foods. 

The Heat Increment of Foods 

The ingestion of food by an animal is followed by losses of energy not 
only as the chemical energy of its solid, liquid and gaseous excreta but 
also as heat. Animals arc continuously producing heat and losing it to 
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their surroundings, either directly by jf ^ fasttng animal 

veetion, or indirectly by the .„erease above 

IS gtven food, within a few hours its brat pr I l^own as 

the level represented by basal rnctabohs , food it is quite 

the heat increment or specf.o 

marked in Man after a large meal or relatively as a proportion 

m absolute terms (kcal/gfood dry is m a paf 

of the gross or metabolisable energy ^ fo it, and must 

licularly cold environment, this heal energy is ,^5 energy of 

be eonsidered, like the energy of the excreta, as a tax on 

‘''The°Lm cause of the heat increment is the J,"" ®ed "%or 

the reactions by which absorbed nutrients ^ 

example, it was shown in Chapter 9 that if gl eliout 

formation of ATP, the efficiency of free energy m^Leney 

68 per cent , 32 per cent being lost as heat Th 
IS apparent in syntheses of body omstitucnU ® of six 

ammo acid to another, for ^mple, "’“'“ '''Xtaob provides 
pyrophosphate ‘ high energy bonds, and if the ATP n^P 
these IS obtained through glucose oxtdation, . ,800keal/ 

will be lost as heat for each peptide linkage formed (1 e abo 

''*A further part of the heat increment is attributable to 'J'® P'°f 
of digestion Energy is used for the mastication of food an 
propulsion through the alimentary tract, and since chemic w 

used for work performed within the body is converted into 
wiU be a consequent increase in the animal s heat produc 
ruminant amraals particularly, some heat arises from the activi y 
imero orgamsms of the alimentary tract, this is known as e 
fermentation It is estimated to amount to about 5-10 per ce 
the gross energy of the food 


Net Energy and Energy Retention 

The deduction of the heat increment of a food from its metabolisa e 
energy gives the nc/ cnergj' value of the food The net energy of a oo 
is that energy which is available to the animal for useful purposes, 
1 e for body maintenance and for the vanous forms of pro 
duction . 

Net energy used for roamtenance is mainly used to perform ^ 
within the body, and will leave the animal as heat That used 
growth and fattemng and for milk, egg or wool production is either 
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Stored in the body or leaves it as chemical energy, and the quantity 
so used is referred to as the animal’s energy retention. 

The fate of the gross energy of foods is summarised in Fig. 11.1. 
It is important to understand that of the heat lost by the animal only a 
part, the heat increment of the food, is truly waste energy which can be 
regarded as a direct tax on the food energy. The heat resulting from 
the energy used for body maintenance is considered to represent energy 
which has been used by the animal and degraded into a useless form 
during the process of utilisation. 


Gross energy (- heat of combustion) 


Faeces Chergy Digestible energy (- energy of digested feed) 


Urine Methane 
energy energy 


Metabolisabfe energy 


Heat Increment 


Net energy 


Used for 
maintenance 


Total heat production 
of animal 


Used for (energy retention 
production or balance) 


Fio. 11. 1. The partition of food energy in the animal. 


Animal Calorimetry: Methods for Measuring Heat 
Production and Energy Retention 

In order to study the extent to which the metabolisable energy of the 
food is utilised by the animah it is necessary to measure cither the 
animal’s heat production or else its energy retention. Examination 
of Fig. 11.1 will make it clear that, if one of these quantities is known, 
the other can be determined by subtracting the known one from the 
metabolisable energy. Heat production can be measured directly by 
physical methods; an animal calorimeter is required and the process 
is known as direct calorimetry. AUemalively, heat production can be 
estimated from the respiratory exchange of the animal; for this a 
respiration chamber is normally used and the approach is one of 
indirect calorimetry. Respiration chambers can also be used to esti- 
mate energy retention rather than heat production, by the procedure 
known as the carbon and nitrogen batance trial. 
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Direct Calonmelry , , .^w^hortocriodsoftime. 

Animals donotstor=h=at,exceplforrelaav.lysh^^^^ 

and when measuiemenls are made J ^ lost from Ibe 

stdre— ““ 



Fio U2 The difference method for cstimaliDg Ihc beat mcrement o ^^j^ 

the basal metabolism and B and C represent heat production a . jbe 
energy mtakes of 2000 and 5000 kcal tespecUvely For the ^e of smpu ^ 
relation between heat production and metabolisable energy muke is s banter, 
being linear, i e. ABC is a straight Ime, howe\er, as explamed later m m 
this IS not usually the case 


nnimnl calorimeter is basically an airtight and insulated c am 
Evaporative losses of heat arc measured by recording the volume ^ 
air drawn through the chamber and its moisture content on entry a 
exit In most early calorimeters the sensible heat loss Ci ® 
by radiation, conduction and convection) was taken up m water cir 
lated through coils withm the chamber , the quantity of heat remos 
from the chamber could then be computed from the rate of flow of ® 
water and the difference between its entry and exit temperatures m 
more recent type, the gradient layer calorimeter, the quantity of hea 
IS measured electncally as it passes through the wall of the chambe . 
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This type of calorimeter lends itself well to automation, and both 
sensible and evaporative losses of heat can be recorded automatically. 
Most calorimeters incorporate apparatus for measuring respiratory 
exchange and can therefore be used for indirect calorimetry as well. 

The heat increment of the food under investigation is determined as 
the difference in the heat production of the animal at two levels of 
intake, as shown in Fig. 11.2, Two levels are needed because a part 
of the animal’s heat production is contributed by its basal metabolism. 
An increase in food intake causes total heat production to rise, but the 
basal metabolism is assumed to remain the same. The increase in heat 
production can thus be attributed to the heat increment of the extra 
food given. 

In the example shown in Fig. 1 1.2, the food was ^ven at levels supply- 
ing 2000 and 5000 kcal metabolisable energy. The increment of 3000 
kcal {BD on the figure) was associated with an increase in heat pro- 
duction, CDt of 1200 kcal. The heat increment as a percentage was 
therefore: 


mCD(BD or 100x1200/3000 = 40 per cent. 

It is also possible to make the lower level of intake zero, and to esti- 
mate the heat increment as the difference in beat production between 
the basal (or fasting) metabolism and that produced in the fed animal. 
In the example of Fig. 11.2 this method gives the heat increment as 
100 BEjAE or 100x800/2000 = 40 percent., as before. 

If a single food is being investigated, it may be given as the sole item 
of diet at both levels. If the food is one which would not normally be 
given alone, the lower level may be obtained by giving a basal ration 
and the higher level by (he same basal ration phis some of the food 
under investigation. For example, the heat increment of barley eaten 
by sheep could be measured by feeding the sheep first on a basal ration 
of hay and tlicn on an equal amount of the same hay plus some of the 
barley. 

Animal calorimeters arc expensive to build and tiie earlier types 
required much labour to operate them. Because of this most animal 
calorimetry today is carried out by the indirect method described below. 

Indirect Calorimetry by the Measurement of Respiratory Exchange 

The substances which arc oxidised in the body, and whose energy is 
therefore converted into heat, fall mainly into the three nutrient classes 
of carboh)dralcs, hits and proteins. The overall reaction for the 
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oxidalioR of a catbohydrate such as gjucose is 

QHuOs+ 6 02^6 CO2+6 H2O + 673 kcal 
and Cor the ondalion of the typical fat. inpalmitin. IS 

C2H2COOC CisH303.h72 5 O2-.5. C02d-49 HrOd-VdST kca. W 

in an animal obtaining aU its “'fXnroTuSrof^w"^^^^^ « 
utilisation of 1 litre of oxygen would ‘ average value is 

= 5 007 kcal of heat. ‘ thermal eqmialenU 

5 047 kcal per litre Such values are estimate heat pro- 
of oxygen, and ate used in indirect calorirn ty ,^^ybohsing 

duction from oxygen consumption For ^ 5^5 ,,^^1 

mixtures of fats alone, the thermal p] above) 

pet htre (cf 4 715 kcal per hire ‘^"’JXs.vely from either 

Anunals do not normally obtain en gy protein 

carbohydrate or fat They oxidise a equivalent 

also), so that in order to apply the appropriate , ^jjessary 

when converting oxygen consumption to heat ‘ , The 

to know how much of the oxygen is used for each n 
proportions are calculated from what '‘”°'™“^f'^Ven dioxide 
quotient (RQ) This is the ratio between the volume of ca 
produced by the animal and the volume of oxygen used « 
the same conditions of temperature and . ^iculated 

gases contain equal numbers of molecules, the RQ can 
from the molecules of carbon dioxide produced and ,gO, 

From equation [1] the RQ for carbohydrate is calculated as 0^ 2/ 

a= 1 and from equation [2] that of the fat, tnpalmitin, as -ff^tand 

= 0 70 If the RQ of an ammal is known, the proportions oi 
carbohydrate oxidised can then be determined from stan ar ^ 

For example an RQ of 0 9 indicates the oxidation of a mixture 
per cent carbohydrate and 32 5 per cent fat, and the thermal ch 
valent of oxygen for such a mixture is 4 924 kcal per litre 

The mixture oxidised generally includes protein The quan i 
protein katabolised can be estimated from the output of mtrogen 
unne, 0 16 g of unnary N being excreted for each gram of pro 
The heat of combustion of protein (i e the heat produced w 
completely oxidised) vanes accordmg to the ammo acid propo i 
but averages 5 3 kcal per g Protein, however is incompletely oxi is 
m ammals because the body cannot oxidise mtrogen, and the avera ^ 
amount of heat produced by the katabohsm of 1 g of protein is 
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kcal. For each gram of protein oxidised, 0'77 litres of carbon dioxide 
are produced and 0*96 litres of oxygen used, giving an RQ of 0*8. 

Heat is produced not only when organic nutrients are oxidised but 
also when they are used for the synthesis of tissue materials. It has 
been found, however, that the quantities of heat produced during these 
syntheses bear the same relation to the respiratory exchange as they do 
when the nutrients are completely oxidised. 

The relation between respiratory exchange and heat production is 
disturbed if the oxidation of carbohydrate and fat is incomplete. This 
situation arises in the metabolic disorder known as ketosis, when fatty 
acids are not completely oxidised to carbon dioxide and water, and 
carbon and hydrogen leave the body as ketones or ketone-like sub- 
stances. Incomplete oxidation occurs also under normal conditions in 
ruminants, where an end-product of carbohydrate fermentation in tlie 
rumen is methane. In practice heat production calculated from respir- 
atory exchange in ruminants is corrected for this effect by the deduction 
of 0‘5 kcal for each litre of methane. An alternative means of over- 
coming difficulties of this kind is to calculate heat production from 
oxygen consumption alone. If a respiratory quotient of 0*82 and a 
thermal equivalent of 4*8 are assumed, departures from tliis RQ of 
between 0 *7 and 1 *0 cause a maximum bias of no more than 3 *5 per cent, 
in the estimate of heat production, A further simplification is possible 
in respect of protein metabolism. The thermal equivalent of oxygen 
used for protein oxidation is 4*5 kcal per litre, not very different from 
the value of 4*8 assumed for carbohydrate and fat oxidation. If only a 
small proportion of the heat production is caused by protein oxidation 
it is unnecessary to assess it separately, and so urinary nitrogen output 
need not be measured. 

An example of the calculation of heat production from respiratory 
exchange is shown in Table 1 1.3. 

Apparatus for Measuring Respiratory Exchange 

The apparatus most commonly used for farm animals is a respiration 
chamber, \vhich may be of either the open circuit or dosed circuit 
type. In both types tlic central feature is an airtight container for the 
animal which incorporates devices allowing the feeding and watering 
(and even milking) of the animal, and the collection of Us faeces and 
urine, without the chamber air mixing wiili the atmosphere. In the 
open circuit type (Fig. U.3a), air is drawn through tlic chamber and 
then discharged. During its passage it increases in carbon dioxide 
content and decreases in oxygen, and the amounts of carbon dioxide 
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produced and oxygen used can be — 1!::;. 

and composition of the air entering and g chamber 

closed circuit type (Fig. U.3i). to chamber, 

through carbon dioxide and water absorbe supply of the pure 

Oxygen used by to animal is replaad by “ as the 

gas. The weight of carbon dioxide „„,,ssiX hydroxide 

increase in weight of the absorbent (generally potassium y 


TABL. 11.3. Calculauon ■>' 'heHcat a 

A.t RoeX, 1955, 

J. agnc. Set , 45, 10) 


ResuUs of the experiment (pa 24 hours) 
Oxygen consumed 

Carbon dioxide produced 

Nitrogen excret^ in unne 


392 0 litres 

310 7 litres 

14 8 g 

Heat from protein metabolism 

Protein oiddised 

Heat produced 

Oxygen used 

Carbon dioxide produced 

(14 8x6 25) 

(92 5x4 3) 

(92 5x0 96) 
(92-5x0 77) 

92 5 g 

398 kcal 

88 8 litres 

71 2 btres 

Heal from carbohydrate and fat melaboltsm 
Oxygen used 

Carbon dioxide produced 

Non-protein respiratory quotient 
Thermal equivalent of oxygen when RQ 
Heat produced 

(392 0-88 8) 
(310 7-71 2) 

»0 79 

(303 2x4 79) 

303 2 litres 

239 5 litres 

0 79 

4-79 kcal/Iitre 
1452 kcal 

Total heat produced 


1850 kcal 


orsodalimc). Both oxygen consumption and carbon dioxide produc on 

must be corrected for any differences in the amounts present in e 
circuit air at the beginning and end of the experiment. Methane is 
allowed to accumulate in the circuit air, and the amount present is 
determined at the end of the experiment. 

Both types have their disadvantages. The open circuit requires 
elaborate apparatus for measuring and sampling the air, and very 
accurate gas analysis. Great accuracy is needed in order to measure 
the rather small differences in composition between in- and outgoing 
air. Greater differences can be induced by slowing down the rate o 
passage of air, but this leads to discomfort m the animal as a result of 
high concentrations in its atmosphere of carbon dioxide and of water 
vapour. These disadvantages do not obtain with the closed circuit 
apparatus, where the greatest drawback is the large quantities of 
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absorbents needed. A cow, for example, requires about 100 kg soda 
lime to absorb the carbon dioxide it produces each day, and 250 kg 
silica gel to absorb water vapour. 

Respiratory exchange can be measured without an animal chamber 
if the subject is fitted with a face mask, which is then connected to 


{o) Open circuit 



Pump Gat meter 


(b) Closed circuit 



inlec 

Fio. 11.3. DIagnuns of rcspiraiion chambers. 

citlicr a dosed or an open circuit for determining oxygen consumption 
alone or both oxygen consumption and carbon dioxide production. 
This method is suitable for short periods of measurement, but cannot 
be used to estimate heat production when the animal Is eating. 

Afeasurement of Siicrgy JZetention by the Carbon and Nitrogen Balance 
Tcclmiquc 

TIic main forms in which energy is stored by (he growing and fatten- 
ing animal arc protein and f.it, for the carbohydrate rcscr\cs of the 
body arc small and relatively constant. The quantities of protein and 
fat stored can be estimated by carrying out a carbon and nitrogen 
balance trial; ilul is, by measuring the amounts of these elements 
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cntenng and leaving the body multiplying 

retained The energy retained can then be ^ 

the quantities of nutrients stored bytheitcalorificvalu 

Both carbon and nitrogen enter the "-^Vo ‘vL Uavesthe 

nitrogen leaves it only in faeces and nnne Carbo , 
body also in methane and carbon dioxide, procedure 

therefore be carried out in a respiration „ bimee data 

for calculating energy retention from J ” J of both fat 

rs best Illustrated by considering an animal “ ® oarbon and 

and protein is takmg place In sueh an animal ^o,mal is 

nitrogen will be greater than the quantities excre , Tba 

said to be in positive balance with respect to the jjogen bal- 

quantity of protein stored is calculated by multiplying th B 
ance by 100/16 (= 6 25), for body protein is assurned to co 

cent mtrogen It also contains 51 2 pet Mnt carbo , 

of carbon stored as protein can therefore be computed ^ ^ 

carbon is stored as fat, which contains 74 6 per I,, 

storage is therefore calculated by multiplying the ’, 5 U, 

that stored as protein, by 100/74 6 The energy J XV 
and fat stored is then calculated byusing average calorfc values tor o r 
tissues These values vary from one species to another, lor 
sheep those used are commonly 9 37 kcal per g for fat aM 
per g for protein An example of this method of calculating 
retention (and heat production) is shown in Table 11 4 


Other Methods for Afeojurm^ Energy Retention 

Because calonraetnc expenraents require elaborate apparatus and 
can be conducted with only small numbers of animals, numero 
attempts have been, and are still being, made to measure energy re en 
lion in other ways In many feeding trials the animals’ 
digestible or ractaboUsablc energy can be measured satisfactorily u 
their energy retention can be estimated only from changes in hveweig 
Weight changes, however, provide most inaccurate estimates of energy 
retention, firstly because they may represent no more than changes 
in the contents of the gut or bladder, and secondly because the energy 
content of true tissue gam can vary over a wide range according to its 
proportions of bone, muscle and fat (see Chapter 14) These objections 
are only partly overcome m experiments where the energy retention 
IS m the form of milk or eggs, whose energy is easily measured, for 
retention in these products is almost invariably accompanied by 
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rclcnlion in other tissues (e.g. milking cows are normally increasing 
or decreasing in liveweight and in energy content). 

Energy retention can, however, be measured in feeding trials if the 
energy content of tlie animal is estimated at the beginmng and end of 
the experiment. In the comparative slaughter tnethod this is done by 
dividing the animals into two groups and slaughtering one (the sample 
slaughter group) at the beginning of trial. The energy content of the 


Table 11.4. Calculation of the Energy Retention and Heat Production 
of a Sheep from its Carbon and Nitrogen Balance 
(After K. L. Blaxter and N. McC. Graham, 1955, J. agric. Set , 46, 292) 


Results of the experiment (per 24 hours) 



C(g) 

N(g) 

Energy (kcal) 

Intake 

684 5 

41 67 


6791 

Excretion in faeces 

279 3 

13 96 


2741 

Excretion in urme 

33 6 

25 41 


359 

Excretion as methane 

20 3 




356 

Excretion as COj 

278 0 

“ 


— 

Balance 

73 3 

2 30 



Intake of metabolisable energy 

— 

— 


3335 

Protein and fat storage 





Protein stored 

(2 30 x 6-25) 

14 

4 g 

Carbon stored as protein 

(14 4 X 

0 512) 

7 

4 g 

Carbon stored as fat 

(73 3- 

•7 4) 

65 

9s 

Fat stored 

(65 9x 

100 1 

74 6/ 

88 

3 g 

Energy reienUon and heat praduction 





Energy stored as protein 

(14 4x5 32) 

77 

kcal 

Energy stored as fat 

(88 3x 

9 37) 

827 

kcal 

Total energy retention 

(77+827) 

904 

kcal 

Heat production 

(3335- 

-904) 

2431 

kcal 


animals slaughtered is determined by bomb calorimetry, the samples 
used being taken either from the whole, mmced body or from the tissues 
of the body after these have been separated by dissection. A relation- 
ship is then obtained between the hveweight of the animals and their 
energy content, and this is used to predict the initial energy content 
of animals in the second group. The latter arc slaughtered at the end 
of the trial and treated in the same manner as those in the sample 
slaughter group, and their energy gains can then be calculated. 

The comparative slaughter method requires no elaborate apparatus, 
but is obviously expensive and laborious when applied to larger animal 
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Tabic 11 5 shows also that dieury fat is ™“o"‘“‘|ruse(l to 

high encrgelic efficiency, as one would an appreciable heat 

provide energy for maintenance, however, to the 

increment of about 20 per cent .which ' Y” energy 

energy required for urea synthesis (see Chapter^ nf volatile fatty acids 

for maintenance is absorbed largely m the form o 
Experiments m which the pure acids have been infused sij^y 
rumens of fasting sheep have shown that there arc pp„ye 11 5) 

them in the efficiency with which their energy is 5, extremes 

But when the acids are combined into mixtures represent g , ^ 

hkely to be found in the rumen, the efficiency of utilisa alucose, 
and high Nevertheless the efficiency is still less than that g 
and this discrepancy, together with the energy '“*1 , mernbohsable 
fermentation m ruminants, leads one to expect that „.,mals 

energy will be utilised more efficiently for mamtenance in 
in which It IS absorbed m the form of glucose than m 
Very few experiments have been carried out to determine ^ ,-re 

with which the metabolisable energym foods is used for mam 
and these few have been restricted almost entirely to rumm^ 
fed on roughages A selection of the results is given m Ta e 
Most of the metabolisable energy of the foods shown would na 
absorbed in the form of volatile fatty acids Efficiency of uti is 
18 less, however, than for synthetic mixtures of these acids, since 
whole foods heat losses are increased by heat of fermentation an 
the energy used for work of digestion In spite of this, the metabo isa 
energy in these foods was used with quite high efficiency 


Uti/isation of Metabolisable Energy for Productive Purposes ^ 

Although energy may be stored by animals in a wide vanety 
products — in body fat, muscle, milk, eggs and wool — the energy of these 
products IS contained mainly in fat and protein (only in milk is muc 
energy stored as carbohydrate) The efficiency with which metaboli * 
able energy is used for productive purposes therefore depends largely 
on the energetic efficiency of the metabolic pathways involved in the 
synthesis of fat and protein from absorbed nutnents These pathways 
have been outlined m Chapter 9 IiTgencral the synthesis of either 
fat or protein is a more complicated process than its katabolisra, m the 
same way that the construction of a buildmg is more difficult than its 
demolition Not only must the building materials be present m the 
right proportions, but they must arnve on the scene at the nght tune, 
and the absence of a particular material may prevent or senously impair 
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the whole process. Thus it was shown in Chapter 9 that fatty acid 
synthesis is dependent on a supply of NADPH. Because of the greater 
complexity of synthetic processes it is more difficult to estimate their 
theoretical efficiency. 

From the reactions involved, the efficiency of fat synthesis from 
glucose, expressed as kcal fat formed per 100 kcal glucose used, can be 
shown to have a theoretical value of the order of 70 per cent. ; a higher 
value would be expected for fat synthesis from absorbed glycerides. If, 
as in ruminants, the substrate is largely volatile fatty acids, efficiency 
will be lower than 70 per cent. In protein synthesis the energy cost of 
linking amino acids together is relatively small, and if these are present 
in the right proportions the theoretical efficiency of protein synthesis 
is about 80 per cent. If however some amino acids have to be syn- 
thesised and others undergo deamination, efficiency will be consider- 
ably less. The synthesis of lactose from glucose can be achieved with 
an efficiency of close to 100 per cent., but in the dairy cow the glucose 
so utilised will largely be formed from propionic acid, or possibly from 
amino acids (gluconeogenesls), and the efficiency of lactose synthesis 
will be reduced. 

The figures given above are all calculated from the appropriate 
metabolic pathways, and in relating them to the efficiency with which 
metabolisable energy will be utilised it is important to remember that 
they will be reduced by those energy losses mentioned earlier (p. 162) 
which are directly referable to the consumption, digestion and absorp- 
tion of food. 

Measuring in an animal the energetic efficiency with which a single 
substance such as protein, or a single product such as milk, is syn- 
thesised is complicated by the fact mentioned previously that animals 
seldom store energy as single substances or even as single products. 
An exception however is the mature, non-lactating and non-pregnant 
animal, for which it is considered that almost all energy storage is in 
the form of body fat. Because of this, it is the process of fattening in 
mature animals which has been most extensively studied in connec- 
tion with energetic efficiency. Considerably less is known about the 
efficiency of utilisation of metabolisable energy in growing animals 
(i.e. in those storing appreciable quantitiesof energy in protein as well 
as in fat), in those producing milk or eggs, or, least of all, in those 
where energy is stored in the foetus and associated structures. 

Tables 11.6 and 1 1 .7 give examples of the efficiency with which meta- 
bolisable cner©^ in various nutrients and foods respectively has been 
found to be utilised for fattening in mature animals. In general there is 
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spcc.es Itwouldbeanadvaiitagcifthebodycompoution^^^^^^ 

and hence Its energy content, could be measur g^etal attempts 

fading that, m the whole, undissccted carcass 

have been made to estimate body composition promising 

so far none has led to a sufficicnUy content of an 

approach depends on the relation existing e w apprC' 

animal and its specific gravity or that of its carcass t 

eiably lower specific gravity than bone and muscle, ana 

animal, the lower is its specific gravity 


Factors affecting the Utilisation of Metabolisable 

♦He aBiBi^l 

The efficiency of utilisation of metabohsable energy m 
IS defined as that proportion of it which is retained, or 

change in energy retention ^100 

change m metabohsable energy intake 
It is therefore the complement of the heat mcrement 
expressed as a percentage of the metabohsable energy 
if food supplymg 1000 kcal metabolisable energy wew ®L of 
animal and its energy retention increased by 600 kcal, the e 
utilisation would be 60 per cent (and the heat mcrement P 
of the metabohsable energy) , Heoends 

The efficiency with which metabohsable energy is utilise 
on the interaction of two pnncipal factors, these being the . pgd 
chenucal compounds m which the metabohsable energy is con 
and the purpose for which these compounds are used by the anim 


Utilisation of Metabohsable Energy for Maintenance , 

For maintenance purposes the animal oxidises the nutrients absor e 
from its food principally to provide energy for work If it is 
food, it obtains this energy mainly by the oxidation of body fat * 
food is given, but m quantities insufficient to provide all the energ 
needed for maintenance, the task of providing ATP is partially trans- 
ferred from the reserves of body fat to the nutnents absorbed t 
the energy contained m these nutnents can be transferred ^ . 
as efficiently as can that m body fat, no extra heat will be produced 
by the animal apart from that associated specifically with the con 
sumption, digestion and absorption of food (Heat of fennentauon 
comes into this category, and also work of digestion, that is, heat 
arising from the energy used m the mastication of food and its 
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propulsion through the gut. in the absorption of nutrients and in their 

transport to the tissues ) . , j ■ 

The efficiency of free energy capture when body fats are oxidised 
and ATP is formed can be calculated from tlie reactions shown m 


Table 11 5. Efficiency of Utilisation for Maintenance of Metabolisable 
Energy m various Nutrients and Foods 


Food or «H/rjC7i/ 

Animal 

per cent 

Carbohydrates 

Glucose 

Glucose (per rumen) 

Glucose (per abomasum) 

Starch 

Dog 

Sheep 

Sheep 

Rat 

95 

94 

100 

88 

Fats 

Olive oil 

Olive oil 

Dog 

Rat 

95 

99 

Proteins 

Casein 

Casern (per abomasum) 

Rat 

Sheep 

76 

82 

Volatile fatty acids 

Acetic 

Propionic 

Butyric 

Mwturc A (25 Cz 45 C3 30 Cj) 

Mixture B (75 C2 15 C3 10 C4) 

Sheep 

Sheep 

Sheep 

Sheep 

Sheep 

59 

86 

76 

87 

86 

Roughages 

Dried r>cgra$s ()oung) 

Dried oegrass (mature) 

Meadow fescue bay (young) 

Meadow fescue hay (mature) 

Lucerne hay 

Sudan grass hay 

Sheep 

Sheep 

Sheep 

Sheep 

Steer 

Cow 

78 

74 

69 

74 
66 

75 

Concentrates 

Maize 

Maize 

Sheep 

Steer 

78 

82 


Chapter 9 to be of the order of 65 per cent. For One 

example of a nutnent, the efficiency is also about . * ij u- 

would therefore expect that glucose gii-cn to a fasting am 
uuliscd williout any mcrcaw in heat Tabic 11.5 

v.ilh apparent (calorimetric) efficiency of 100 pc 

shows that this IS approximately true. , ,1,. -unun but 

throuEh fermentation losses if the glucose Pf“V, he aLnusum 
these losses arc axo.ded if it is infused directly into the nbonusum. 
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reasonable agreement between Se ra^^onhe pure 

Iheoretrcal considerations ^ J„,Iy than carbohydrate, 

nutnents, non-ninunants ii^ise -rhe values for pure 

and carbohydrate mote efficienUy J giy both when 

nutnents given to pouUry, and with those for 

compared with those for pigs investigation As m 

poultry foods in Table 11 7. they q aon 

Me 11 5, the figures for niminants are efficiency 

ruminants Individual fatty acids ate us f^ltanmg this van- 

ror fattenmg, as they are for maintenance. f",cetic aad 

abihty IS conveyed to the mixtures jinber m the 

predominates ate used much less cEcienl than glucose 

togher acids, and even the latter are less efficienUy ulto^ t^ ^ 

t£. together wiUi the heat of .;romoteUes7fLM^^^^ 

given via the rumen, and therefore fermented, p banged The 

ffian that given via the abomasum and m 

differences between mnunants and f„t poXy 

Table 11 7 although there is httle information available for pouw 

^AcomplSonofTablesIldandllTontheoneh^^^^^ 

on the other reveals two stnkmg diffetenres In the lint pla ^ ^ 
tor fattenmg ate appreaably lower than those for processes, 

doubttess due m part to the greater complem^ of L^Iow 

but also to the fact that heat mcrements of fooib “ p„, 

maintenance represent not the true mcfficiency of energy 


Tabi£ 116 EffiacDcy of UlilisaUon for Fattening of 
Metabolisable Energy in Pure Nutnents 




Efficxncy (j>er cent ) w 

^urrienf 

Caute 

Sheep 

Pigs 

Starch 

64 

64 

76 

Groundnut oil 

59 

5S 

86 

Proteins (vanous) 

50 

52 

62 

Glucose (per rumen) 

— 

54 

— 

Glucose (per abomasum) 

— 

72 

— 

(per rumen) 

— 

50 

— 

Casein (per abomasum) 

— 

65 

— 

Volaide falty acidi 

Acetic 

— 

33 

— 

Propionic 

— 

56 

— 

Butync 

— 

62 

— 

Mixture A (25 Cr 45 Cj JO C*) 

— 

58 

— 

Mixture B (75 Cz 15 C3 10 

— 

32 

— 
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but inefficiency relative to that of the utilisation of body fat This is 
illustrated m Figure 114 As metabolisable energy intake rises from 
zero to the mamtenance level (i e distance AC in the figure), heat pro- 
duction rises by distance BC At maintenance the apparent heat 
increment is therefore 100 BC(ACy or in other words basal metabohsm 
is the base hne for the calculation In the fastmg ammal a proportion 
of the total heat production arises during the transference of energy 
from body fat to ATP (distance AE) In effect, this represents the heat 
increment of body fat As food intake increases to the level needed for 
maintenance, the heat ansmg from the metabohsm of body fat decreases 
(triangle ADE) and that ansmg from the utilisation of food con- 
stituents increases (tnangle ADD) The proportion 100 BDfAC there- 
fore provides a more accurate estimate of the efficiency with which 
metabohsable energy is used for mamtenance The base hne m this case, 
DE^ IS known as the minimum base value of heat production Above 
mamtenance the heat increment is given by the expression 100 FGfBG 
The second important difference between efficiency values for mam- 
tenance and for fattening lies m the variability encountered m foods for 
ruminants In Table 11 5 the variability is quite small, the extreme 
values being lucerne hay, 66, and maize, 82 (a difference of 22 per cent 
of the mean) In Table 1 1 7, however, the range for foods comparable 
with those of Table 11 5 is from 34 for mature ryegrass to 59 for maize 


Table 117 Efficiency of Utilisation for Fattening of Metabolisable 
Energy in vanoiis Foods 


Food 

Animal 

Efficiency (per cent ) 

Roughages 

Dried ryegrass (young) 

Sheep 

52 

Dried ryegrass (mature) 

Sheep 

34 

Meadow fescue hay (young) 

Sheep 

41 

Meadow fescue hay (mature) 

Sheep 

35 

Wheat straw 

Steer 

24 

Concentrates 

Barley meal 

Steer 

59 

Barley meal 

Pig 

87 

hfaizc meal 

Sheep 

59 

Maize meal 

Pig 

74 

Maize meal 

Fowl 

82 

Ground oats 

Pig 

83 

Ground oats 

Fowl 

83 

Groundnut meat 

Steer 

56 

Groundnut meat 

Pig 

71 

Coconut Cake meal 

Steer 

50 

Coconut cake meal 

Pig 

72 
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etficiency of utilisation of the metabolisable energy also -q, 

this fall in efficiency is relatively greater when energy is used or p 
duction than when it is used for maintenance The explanation 
this is believed to be that foods of low digestibility, and there 
low metabolisable energy, are high in fibre and give nse to vo a 
fatty acid mixtures nch m acclic acid, a high proportion ^ 
acid has only a small infiuencc on utilisation for mamtcnanvC o 
much greater effect on that for faltemng In addition it is possi 
that with concentrated foods more carbohydrate escapes fermentatio 
and IS absorbed as glucose 

Utilisation of metabolisable energy for growth In immature, growoS 
animals a considerable proportion of the energy stored is retained lO 
the form of protein Since protein synthesis has a theoretical maxima 
efficiency which is greater than that for fat synthesis, it is likely that 
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metabolisable energy can be used more efficiently in growing than in 
fattening animals. There have been few studies of energy utilisation 
in immature animals, but there is evidence that in both cattle and sheep 
metabolisable energy is utilised up to 30 per cent, more efficiently 
for growth than for fattening. 

Utilisation of metabolisable energy for milk production. For milk 
synthesis also theoretical considerations point to a more efficient 
utilisation of metabolisable energy than for fattening, since in cow’s 
milk about half the energy is contained in protein and carbohydrate. 
In addition, the fatty acids of milk fat have an average molecular weight 
lower than tliat of body fat and should therefore be synthesised with 
greater energetic efficiency. In experiments in which cows were kept 
on a constant food intake but in which milk secretion was partially 
suppressed by incomplete milking, the nutrients spared from milk 
synthesis were diverted to body fat synthesis, and it was found that, for 
each reduction of 100 kcal of milk, 83 kcal were stored as body fat. 
This suggests that milk secretion is about 20 per cent, more efficient 
than fattening. 

The average efficiency of conversion of metabolisable energy to milk 
is considered to be about 70 per cent., which is greater than the values 
for fattening shown in Table 11.7 and approaches the values for 
maintenance of Table 1 1.5. Milk secretion is also intermediate between 
maintenance and fattening in respect of the effect on efficiency of the 
relative proportions of the fatty acids found in the rumen. Over the 
range of diets and of acid mixtures normally experienced by cows, 
the effect of the acid proportions is thought to be smaller than on 
efficiency of utilisation for fattening. It is known, however, that 
unusually low proportions of acetic acid and high proportions of 
propionic will depress milk fat synthesis (see Chapter I^. 

Other Factors affecting the Utilisation of Metabolisable Energy 
Associative effects. In Chapter 10 it was explained that the digesti- 
bility of a food can vary according to the nature of the ration in which 
it is included. Associative effects of Ibis kind have also been observed 
in the utilisation of metabolisable energy. In one experiment it was 
found that the metabolisable energy of maize meal was utilised with an 
apparent efficiency for fattening varying between 58 and 74 per cent, 
according to the nature of tlic basal ration to which it was added. 

In ruminants, such differences arc likely to arise through variations 
in the effect of the food on Uic manner in which the whole ration is 
digested, and hence on the form in which metabolisable energy is 
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metabolisable energy can be used more efficiently in growing than in 
fattening animals. There have been few studies of energy utilisation 
in immature animals, but there is evidence that in both cattle and sheep 
metabolisable energy is utilised up to 30 per cent, more efficiently 
for growth than for fattening. 

Utilisation of metabolisable energy for milk production. For milk 
synthesis also theoretical considerations point to a more efficient 
utilisation of metabolisable energy than for fattening, since in cow’s 
milk about half the energy is contained in protein and carbohydrate. 
In addition, the fatty acids of milk fat have an average molecular weight 
lower than that of body fat and should therefore be synthesised with 
greater energetic efficiency. In experiments in which cows were kept 
on a constant food intake but in whicli milk secretion was partially 
suppressed by incomplete milking, the nutrients spared from milk 
synthesis were diverted to body fat synthesis, and it was found that, for 
each reduction of 100 kcal of milk, 83 kcal were stored as body fat. 
This suggests that milk secretion is about 20 per cent, more efficient 
than fattening. 

The average efficiency of conversion of metabolisable energy to milk 
is considered to be about 70 per cent., which is greater than the values 
for fattening shown in Table 11.7 and approaches the values for 
maintenance of Table 11.5. Milk secretion is also intermediate between 
maintenance and fattening in respect of the effect on efficiency of the 
relative proportions of the fatty acids found in the rumen. Over the 
range of diets and of acid mixtures normally experienced by cows, 
the effect of the acid proportions is thought to be smaller than on 
efficiency of utiUsation for fattening. It is known, however, that 
unusually low proportions of acetic acid and high proportions of 
propionic will depress milk fat synthesis (see Chapter l^. 

Other Factors affecting the UtiUsation of Metabolisable Energy 

Associative effects. In Chapter 10 it was explained that (he digesti- 
bility of a food can vary according to the nature of the ration in which 
it is included. Associative effects of (his kind have also been observed 
in the utilisation of metabolisable energy. In one experiment it was 
found that the metabolisable energy of maize meal was utilised with an 
apparent efficiency for fattening varying bctN\ccn 58 and 74 per cent, 
according to the nature of the basal ration to \shich it was added. 

In ruminants, such differences arc likely to arise through variations 
in the effect of (he food on the manner in which the whole ration is 
digested, and Iicncc on the form in which metabolisable energy is 
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absorbed The »phcat.o„ rs that the ^ 

of metabohsable energy for tndividual f „ ^ o ,o an antmal 

Leoel of feed, ng Increasrng ® a,„« of the food 

causes both the drgestible and "'"‘“'“Usable enew ^ astrbihty 

,0 faU Unul recently rt was h wta‘h 

■was accompamed by a fall rn the efflcre y nietabohsable 

energy rs utrUsed In other words rt “ “fn, valuable 

energy tntake rncreased, the antmal used consrders 

purposes and wasted progressively more as he“t 
overall efficiency, i e for mamtenance and P“du ‘ S 
there is a dechne as food intake mcreases proportions 

appetite, but this is caused by a progreKive change P 

of the metabohsable energy used for the relative y ^ por 

mamtenance and for the less efficient processes of P™''''"' ““ „ 

example, rf the metabohsable energy of a food were umd w th 80 p^_ 
cent efficiency for maintenance and 50 per cent tor p 
Tverage efficiency at an intake providing for mamtenance “"i 
two and three times as great would be 80, 65 and 60 per cent P 

Recent expenments have shown that, at intakes betwee , jjjpmg 
and maximum appetite, metabohsable energy is used for fattemug 
with constant efficiency C .cj 

Balance of nutrients The effect of the nutrient 
food has been partly covered m earlier parts of this secli^ A 
ammal will tend to use metabolisable energy more , iy 

provided as carbohydrate than if it is provided as protein 
if a growing animal is provided with msufBcient protein or wi 
sufficient of a particular ammo acid, it will tend to store energy as 
rather than as protein, and the efficiency with which it utihses me 
bolisable energy will probably be altered 

Deficiencies of minerals and vitamins, too, can interfere with ene gy 
utilisation Thus a deficiency of phosphorus has been shown to m ac 
efficiency of utihsation by about 10 per cent in cattle This effec 
hardly surprising m view of the vital role of phosphorus m the energy 
yielding reactions of mtctmediary metabohsm 


Further Readino 

K L.BuuaxR, 1962. The Energy MetaboUm of Ruminants Hutchinson, London 
K- Nehrinq and a. Werner (edX 1953 Festschrift anlassUeh ties 100-jahrig 
Destehens der Land^utschaftlieben VersuchsstaUon Leipzig Mockem (2 vo s J 
Deutsche Akadenue der LsmdwutschaitswissenschafteQ zu Berlin 
M Kleiber, 1961 The Fireof Life John Wiley and Sons, New York 



Chapter 12 


THE EVALUATION OF FOODS 

(C) SYSTEMS FOR EXPRESSING THE ENERGY VALUE OF FOODS 

For the farmer the essential steps in the scientific rationing of animals 
are, firstly, the assessment of their nutrient requirements, and secondly, 
the selection of foods which can supply these requirements. This 
balancing of demand and supply is made separately for each nutrient, 
and in many cases the nutrients given first consideration are those 
supplying energy. There are good reasons why energy should receive 
priority. In the first place the energy-supplying nutrients are those 
present in the food in greatest quantity; this means that if a diet has 
been devised to meet other nutrient requirements first and is then 
found to be deficient in energy, a major revision of its constituents 
will probably be needed. In contrast, a deficiency of a mineral or 
vitamin can often be rectified very simply by adding a small quantity 
of a concentrated source. 

A further feature of the energy-containing nutrients which dis- 
tinguishes them from oUicrs is the manner in which the performance 
of an animal, when measured as liveweight gain or milk or egg produc- 
tion, responds to changes in the quantities supplied. While an animal 
with a given level of performance, a steer gaining I lb per day, for 
example, will respond eventually if the allowance of any one nutrient 
is reduced below the quantity required for this level of performance, 
increases in single nutrients above the requirement generally have little 
effect. Increasing the quantity of vitamin A supplied, for example, 
to twice the requirement is unlikely to affect the steer’s liveweight gain 
(although it may increase its vitamin A reserves). But if energy intake 
alone is increased the animal will attempt to retain more energy, cither 
partly as protein if nitrogen intake is adequate, or entirely as fat, and 
its liveweight gain will increase. In effect, energy intake is the pace- 
maker of production, as animals tend to show a continuous response 
to changes in the quantities supplied. 

If other nulricnls arc present in amounts only just sufficient for the 
animal’s requirements, the response to an increase in energy intake is 
likely to be an undesirable one. Increasing the storage of body fat 
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IS hkcly to increase llic need for proipitale a 


IS likely to increase llie need for ^ precipitate a 

the enzyme systems involved in fat synthesis, maintain a 

deficicney of those substances It is t ^ other nutrients 

correct balance between energy, the pacemak , 
in the ration 


Classtficalion of Energy Systems , vanety of ways, 

The energy value of a food on be 3 energy, to 

ranging from the most easily “““ t ufed in evaluaUng 

the net energy value In praetiec gross e gy aceording 

foods, and the various systems can be divided into ‘ ^ metabohs- 

towhether the criterion used isonthconehanddiges ^ 

able energy, or on the other hand net energy because they 

appear to have the advantage in the rationing o ’ ,^0 same 

aUow animal requirements and food values to be p „g2000 

units ThusifananimalweremaUnghvewei^tgamscomam^g^ 

kcal pet lb, and a food contained 500 k"' P« ^So promote 
for body fat synthesis, the quantity of that food 4 lb 

1 lb of gam could be calculated quite simply as 2(W5W 
But if food values are expressed in terms of 
the calculation becomes complicated by the "'“““If ° retained 
the efficiency with which metabolisable energy is like If earher 

by the animal This apparent superiority of net cnerw 1“ 
investigators of energy metabobsm m farm animals oevise 
systems for evaluating foods Later it began to be 

although the metaboUsablecoergyvalueofa food IS reasona y 

for a particular species of animal, the efficiency with which t a 
bohsable energy is utilised varies according to the purpose lor 
It is required by the ammal, so that net energy values vary accordin&y 
This has led to modifications m net energy systems, and m some 
to their rejection The present position is that systems hiSt 
digestible or metabolisable energy are used almost umversally or p 
and poultry, and also for ruminants m the Western Hemisphere a 
the USSR, >^hile net cncrar systems are preferred for ruminants i 
Europe (including the Umted Kingdom) . 

A difficulty which applies m some measure to all systems, 
particularly to those based on net energy, is that the evaluation of a 
IS a laborious and complicated procedure It is a procedure wni 
cannot be applied, for example, to samples of hay or silage brought by a 
farmer to his advisory chemist For this reason an essential feature 
of most systems is a method for predicting energy value from some 
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more easily measured characterisdc of Uie food, such as its gross or 
digestible composition. 


Systems for Ruminants 

Armby's Net Energy Values -vn^ri- 

At the beginning of this century, H. P. Armsby earned out “pe-ri 
meats at the University of Pennsylvania in which various food^vore 
given to steers kept in a calorimeter. These were difference experi 
meats ’, in which the net energy value of the food was detemuned 
the increase in energy retenUon resulting '““ease m food 

intake. The higher level of intake was generaUy close to main- 
tenance level, and so the net energy values obtained were Aose “PP'y S 
when the food was used for maintenance purposes. Because oi me 
laborious nature of his investigaUons Armsby was able to evaluate 
only 20 foods, but he and others used the information obmm . 
together with the carbon and nitrogen balance data of Kellner ip. J, 
in devising a method for predicting values for other foods from the 
content of digestible organic matter. Estimated net energy va , 
which are based on the work of Armsby and others, are now P“ 
in the standard work on the feedingof livestock under U.S.A. 

Morrison’s Feeds and Feeding. They are given m the form of Uicrms 

per 100 lb of food. . , r> i 

Armsby died in 1921, but investigations with the Pennsylvama 
calorimeter were continued for 20 years by others,^ notab y . • 

Forbes. Forbes showed that the efficiency of utilisation of metabol- 
isable energy, and therefore the net energy value of a food, vane 
according to whether it was used for maintenance, livewci^t gam 
or milk production. On the other hand he considered that efficiency 
of utilisation of metabolisable energy for any one of these was mu c i 
the same for dilTcrcnt foods, and he quoted average efficiency values ol 
75, 58 and 69 per cent, for maintenance, gain and milk production. 
From these results it appeared that metabolisable energy wou provi c 
a satisfactory basis for evaluating foods. Net energy va ucs ia\c 
therefore been very litUc used in the U.S.A., where the preferred system 
of evaluating food energy has been the Tota Digcsnbh 
system. This has been referred to earlier m Chapter 10, and nuU be 
discussed in more detail later in the present chapter. 

Kellner's Starch Diuholcius v'-itnfr mntinucd a 

In the last decade of the nmclcciuh century. O. Kellner contu ucu a 
scries of c.xpctimcnts begun by his predecessor G. Kuhn .it the MdcUtn 
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Expcnment Station in Gtmany motsTred encw «'“■ 

expenments with steers, but unlike Amt J ^ important 

tion by the carbon and nitropnbManixtechnq^ ^^^^^^ 
difference between Kellners and as his Aig/icr 

whereas the latter used the maintenanM Kellner’s net energy 

level of intake, Kellner used this as his toner level Kellner 
values are therefore values for body fat ,s to be 

A further difference between Kellners ='"‘1 ,^,s expen- 

found m the units they used Kellner leten- 

ments, but when reporting them he frequently p 
uon in terms of matter, using as his umt the w eight o 
than the amount of energy retained Ifan animal store p t ^ 

expressed as its isodynamie weight of fat, "= “ ^ d®Fi,rthet- 

eontaimngthesamequanutyofenergyastheprotein emmed ^ 

more, rather than express the values of foods relative 

weight of fat stored per unit of food consumed f,,. 

measure, the fat-produemg power of the food 
producing power of that common constituent ^ ream- 

In expenments in which puce starch was added to . the 
tenance rauon of a steer, Kellner found that for each 1 g B ^ 
animat stored 0 248 g of fat When barley, to take a" 
food, was given under the same conditions, 0 20 g of fa 
per g of dry matter consumed One gram of barley 0 81 g 

therefore equivalent, m fat producing pov.er, to 0 20/0 2 
of starch, and this value, when multiplied by 100, is known 
starch equivalent of barley The starch equivalent of a food is t ere 
given by the expression 


weight of fat stored per unit weight of food ^ jqq 
weight of fat stored per umt weight of starch 
It IS, in other words, the net energy value of a food for fattening* 
relative to the net energy value of starch The calculation given a ove 
can be expressed on a net energy basis by assuming 1 g fat to contain 
kcal The net energy value of starch is therefore 0 25 x 9 5 = 2 36 kw 
per g, or 1071 kcal per lb Similarly the net energy value of barley 
dry matter would be 0 81 x 1071 = 868 kcal per lb (For the sake o 
simplicity, Kellner’s results m the pages which follow have been 
converted from weights of fat to kilocalories of energy ) 

Kellner chose to express net energy values in terms of starch 
valents because he thought that farmers would be less familiar with 
calones as units of energy This argument seems illogical today when 
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the food calorie is a widely used term. Nevertheless starch equiva- 
lents have been adopted in many European countries and in parts 
of the British Commonwealth. In the U.K. the starch equivalents 
of foods are published in the Ministry of Agriculture bulletin Rations 
for Livestock. 

Kellner and his successor, Fingeriing, determined the starch equiva- 
lents of about 30 foods for cattle. Kellner also devised a method for 
calculating the starch equivalent of a food from the results of a digesti- 
bility trial. He began by measuring the net energy values of semi- 
purified substances typical of the proximate constituents of foods. 

Table 12.1. The Net Energy Values and Starch Equivalents of Pure 
Nutrients as found by Kellner with Fattening Cattle 

Net energy Net energy 




value of 

value relative 



digestible 

to starch 


Fraction of food 

nutrient 

{starch 

Nutrient 

represented 

{kcalllb) 

equivalent) 

Starch 

Nitrogen*free extractives 

1071 

1 

Cellulose 

Crude fibre 

1091 

J 

Wheat gluten 

Protein 

1014 

0>94 

Groundnut oil 

Ether extract of oilseeds 

2582 

2-41 


Ether extract of starchy concentrates ~ 

2-12* 


Ether extract of roughages 

— 

1-91* 


* Values suggested by Kellner. 


Starch was used to represent nitrogen-free extractives, straw pulp 
(containing 7d’S per cent, fibre) tor crude fibre, wheatgJutenforprotein 
and groundnut oil for ether extract. From the results obtained, the 
net energy values of tiic proximate constituents were calculated to be 
as shown in Table 12.1. Although the ether extract of oilseeds was 
found to have a value of 2582 kcal per lb, Kellner considered that the 
values for ether extract in cereals and roughages would be lower because 
tins fraction would consist to a greater extent of such non-glyccridc 
materials os waxes and pigments. 

The values shown in the last column of Table 12.1, the starch equiva- 
lents of digestible nutrients, were then used in calculating the starch 
equivalents of foods. Table 1Z2 illustrates Uic calculation as applied 
to barley meal. Tlie starch equivalent of barley meal when determined 
directly, in a full calorimetric investigation, was found to be 82, and 
thus not greatly different from the predicted value. In general Kellner 
found that for concentrated foods the actual and predicted starch 
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equivalents were m 

frtr flip nrpfticted values to he the higlic , 


I tend* 


equivalents vtere m ruRS™“'’'\“Bree.neni a.iliousu u 
ency for the predicted values to he the h'EJt'- ® ,,,j„ those 

the indirect method predicted starehcquiva meadow hay of 

found hy actual measurement For example, the me 

Table 12 2 Calcuklion of the Starch Equisalcnt of Barley Meal 
from Its Digestible Nulncnts 


Hilrogcn free extractives 
Crude fibre 
True protein 
Ether extract 

ToUl 


DtgesiibU nutrient 

Starch 

equnalent 

factor 

Starch 

ui food dry tnatter 
{per cent ) 

equivalent 



6S8 

6S 8 

1 

02 

02 

11 3 

16 

0 94 

212 

10 6 
34 

80 0 


Table 12 3 was predicted to have a starch jy’.jr cent 

value detenmned by calonmetry was 32 7, a discrepancy 
For wheat straw the discrepancy was over 100 per cent 


KeUner attributed these discrepancies lo — 
that 18 , to the energy required for the mastication of 1 


work of digesuon , 


Table 12 3 Calculation of the Starch Equivalent • of a Sample of 
Meadow Hay from its Digestible Hotnents 



Digestible nutrient 

Starch 


in food dry matter 

equivalent 


(per cent ) 

factor 

Nitrogen free extiacUves 

286 

1 

Crude fibre 

180 

1 

True protein 

3 3 

0 94 

Ether extract 

1 2 

1 91 


Total 

• Uncorrected value (sec p 187 for correction) 


Starch 

equivalent 

28 6 
18 0 
3 1 
23 

52 0* 


propulsion through the digestive tract (seep 162) The purified nutnens 
used m deriving the starch equivalent factors had been given to t e 
animals in a readily assimilable form, and KeUner considered that 
nutrients were contained m foods the animals would need to do wor 
to abstract them This work would increase heat production and thus 
reduce the efficiency of utihsation of metabolisable energy He also 
considered that the work of digestion would be greater for foods o 
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low digestibility such as roughages than for highly digestible concen- 
trates, whence the greater discrepancy between predicted and actual 
starch equivalents for roughages. In respect of roughages, Kellner’s 
theory was supported by his demonstrating a close relationship between 
their crude fibre content and the magnitude of their starch equivalent 
discrepancy. He calculated that, for each I per cent, of crude fibre in 
a roughage, its true starch equivalent would be reduced by 0*58 units 
below the predicted value, and proposed that this factor of 0*58 should 
be incorporated in the prediction of the starch equivalents of dry 
roughages, in the following manner: 

Meadow hay {contaming 33 per cent, crude fibre) 

Starch equivalent as calculated in Table 12.3 52-0 

33x0-58 19-1 

Corrected starch equivalent 32-9 

For types of roughage other than long hay and straw Kellner proposed 
the crude-fibre correction factors shown in Table 12.4. 

No crude-fibre correction is used when predicting the starch equiva- 
lents of concentrates. Instead, Kellner allowed for the much smaller 
discrepancies associated with these foods by introducing a system of 
‘ value numbers ’. The value number for barley was 100, indicating 
that the actual starch equivalent was equal to (or 100 per cent, of) 
the predicted value. Other concentrates had value numbers rather less 
than 100; that for groundnut meal was 98, indicating that the predicted 
value had to be multiplied by 98/100 to give the true starch equivalent. 
For low-fibre concentrates the value numbers were in the range 90-100, 
but for more fibrous materials, such as wheat bran, they were as low 
as 77. At first sight this form of correction appears unsound, since 
the starch equivalent of a food can be predicted only tlirough the use 
of a value number which would need to be obtained in a calorimetric 
trial. Value numbers are useful, however, in predicting the starch 
equivalents of foods of the same kinds as those examined by Kellner 
but differing slightly in composition. 

Kellner was certainly correct in relating anomalies in the prediction 
of starch equivalents to the crude fibre in foods, but he uas probably 
less correct in attributing the effect of crude fibre mainly to work of 
digestion. Recent investigations suggest that tlic energy cost of 
digesting even fibrous roughages is quite small and is insufficient to 
account for the Urge differences between predicted and actual starch 
equivalents for foods of this kind. The effect of crude fibre is now 
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better explained m terms of two phenomena nuxture 

as the fibre eontent of a food uses, the rumen ™h>t.Iu fatty acm^^ 
resulting from it contains an mcrcasing ptopo mixtures 

Second, as the acetic acid content of vo atile [i,cs,s 

increases, their energy is utilised less cflicicntly ‘ and 

It IS surprising that Kellner should have on, for 

digested cellulose to be equal in net energy value for I P 

starch tvould be expected to give rise to a ,hat from 

which would be utilised considerably more efficiently t 

cellulose 

Table 12 4 Fartora for Conccung the 

Roughages on the Basis of their Cnide Fibre Content 


r>|i« of roughagt 


Crude fibre Starch eijuwalenl 

content (per cent) for each 1 per cen of 


Hay and suaw — 

Chaff — 

Green fodders >16 

14 16 
12 14 
10 12 
8 10 
6-8 
4-6 


0 58 
029 
0 58 
0 53 
0 43 
0 43 
0 38 
034 
0 29 


The Starch Equivalent system is used IhrouBhout most o 
and the British Comraonwcallh Kellner’s results were used a s 
supplement those of Armsby m the founding of the g 

Energy system The Starch Equivalent system has from time to i 
been modified Thus T B Wood, who included starch equiva en 
in the first (1921) edition of his bulletin Rations for Livestock, 

Kellner s values for roughages by 20 per cent because he foun 
latter s method of prediction gave values lower than the net enwgj 
values found in Armsby In theory Armsby’s values should be hig 
because they were determined below maintenance while Kellner s 
were measured at super maintenance levels In more recent editions 

of Jinfions /or Liyejrocfc the 20 per cent increase has been retained of 

hays but removed for straws 


The Scandinavian Food Unit System 
This system has m common with the two discussed so far the fact 
that it evaluates foods m terms of the production they promote m the 
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animal. It differs from Armsby’s and Kellner’s systems in that foods 
are evaluated in simple feeding trials and not by calorimetry. In addi- 
tion, the value of a food is stated not in absolute terms but relative to 
the value of a common food, barley, and in this respect the Scandinavian 
Food Unit system resembles the Starch Equivalent system. 

The food under investigation is substituted for barley, or for another 
food of known value, in a control ration, and the original and revised 
rations are compared with one another in terms of the production they 
promote in lactating cows or fattening pigs. If it were found, for 
example, that I kg of barley in the ration of a dairy cow could be 
replaced by 1*2 kg of oats without affecting milk production or body 
weight change, the oats would be ^ven a value of l-0/l*2 = 0*83 food 
units per kg. 

This method of evaluation requires no elaborate apparatus, but is 
expensive in terms of animals and time. (An experiment to evaluate 
one food with reasonable accuracy would need 30-40 cows and last 
20 weeks.) As in other systems, therefore, the need for laborious 
experimentation has been avoided by predicting food unit values from 
the digestible nutrients of foods. The factors used are essentially 
those of Kellner, except that digestible protein is considered to have a 
net energy value 1*43 times that of carbohydrate, which is 50 per cent, 
higher than Kellner’s factor of 0*94, The justification for the higher 
factor is that when foods arc given to milking cows and to pigs their 
protein is used for milk and tissue protein synthesis and is not deam- 
inated, as in Kellner’s fattening steers; the losses of energy in urine 
and as heat which are associated with deamination are therefore 
reduced. 

Total Digestible Nutrients as a Measure of Food Energy 
The total digestible nutrients (TDN) content of a food, referred to 
earlier in Chapter 10, is calculated by adding together the quantities in 
100 lb of food of digestible crude protein, crude fibre and nitrogcn-frcc 
extractives, together with 2*25 times the quantity of digestible ctiicr 
extract. The barley meal of Tabic 1Z2, which bad 12-6 per cent, 
digestible crude protein, would therefore contain 12-6+0*2+65*8 
+(2-25xl*6) — 82-2 lb TDN per 100 lb dry matter. In so far as they 
take into account the higher gross energy content of fat relative to that 
of carbohydrate (Table U.l), TDN values provide a relative measure 
of llic digestible energy content of foods. No allowance, however, is 
made for the higlicr energy value of protein, wJiich averages 5*65 kcal 
per g for mixed protein as compared with 4‘15 for mixed carbohydrate. 
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If the ammo acids absorbed of urea and 

20 per cent of their energy is lost in the urin therefore less 

other by products of protein katabolism nrotein and 

difference between the metabolisable energy v 

carbohydrate than between their digestible ^ assumed 

in the calculation of TDN, carbohydrate and P«>‘=® are 

to be equal in energy, it is sometimes claimed that TD 
relative measures of metabolisable rather than ‘S® . digestible 

From the results of espenments where ™ average 

energy values were measured, it has been calcu a e „ ^ 

1 lb TDN provides approximately 2000 kcal d'E“tib holis- 

per g) For ruminants, 1 lb TDN provides about 1600 kcal m 

The TDN system has its ongms in the first 
out in the mid mnetcenth century, and the present me system 

tion was adopted m the early years of the present century . ' 
has been used m the United States from that time 
although there have been suggestions that it should be p . jg 
digestible energy basis by muluplying digestible crude protein oy 


The Accuracy of the Systems . 

The purpose of systems for evaluating food energy may be ® ^ 

very simple terms It is to allow the prediction of the energy 
of animals from their food intakes, or — and this amounts to mu ^ 
same thing — to predict the amount of food required to prom 
particular energy balance Ideally this purpose should be ac 
by allotting each food a single energy value, which would be app • 
for predicting energy balance in a nim als of dilfcrent species, ages 
forms of production, and applicable whatever the physical ug 
quantity of food given or the nature of the other components o 
ration It is recognised that, because there are great differences 
digestive physiology between farm animals of different species, no 
energy value will be equally appropnate for a food given to ^ 

pigs and poultry, but in all other respects the various energy sys^ ^ 
are mtended to satisfy the ideal requirements listed above It i 
important to assess to what extent these exactmg requirements a 
likely to be met 

Three net energy systems, ostensibly different from one another 
but in fact interrelated, have now been described, together with t e 
TDN system which is based on digestible and metabolisable energy 
(A true metabolisable energy system for ruminants was devised lU 
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Scandinavia but has not been used to any extent.) An important feature 
of all the systems is that they v/ere devised in the early days of energy 
metabolism studies, before many of the factors now known to influence 
energy metabolism had been recognised or understood. Indeed it was 
often inconsistencies in the systems that were the spur to further 
experimentation. If the systems are appraised in the light of knowledge 
acquired since their formulation, certain weaknesses become apparent. 
These will now be discussed. 

The validity of unit values for foods when given to animals with differing 
forms of production. In all the systems for ruminants, each food is 
given a single energy value. This suggests that foods supply the same 
amounts of energy regardless of the purpose for which they are used 
by the animal, although it was shown in the preceding chapter that such 
equality is unlikely to prevail. If, for example, hay is given as the sole 
food to an adult sheep and in quantities insufficient for maintenance, 
the efficiency with which its metabolisable energy is utilised will be 
greater than if the same hay is added to a maintenance ration. The 
metabolisable energy value will be approximately the same in both 
cases, and therefore the net energy value of the hay will be higher 
when it is used for maintenance than when it is used for production. 
The net energy value may be diflerent again if the animal is lactating, 
or is storing energy principally in body protein rather than in body 
fat. 

When this effect of form of production, i.e. physiological function, 
on the energy value of a food was recognised, it was considered that the 
complication it introduced into systems of energy evaluation could be 
avoided by adjusting the values used to express animal requirements. 
Suppose foods are evaluated in terms of the net energy they supply when 
used for body fat synthesis (this net energy may be Icrraed their net 
kilocalories for fattening, or NKf), and they actually supply 30 per cent, 
more net energy when used for maintenance. The net energy require- 
ments of animals for maintenance must then be multiplied by 
100/(100+30) in order to express them in the units used in evaluating 
foods, i.e. in NK^. 

In fact, Kellner had previously used this adjustment in his syslcm. 
Hc slated the requirements of a JOOO-lb steer to be, for maintenance, 
about 5*8 lb SE per day, and for body fat production 4 lb SB per lb 
offal; the ratio between these requirements is 1'45:1, More recent 
estimates of the net energy expended in the mainlcnancc of a 1000-lb 
steer (8000 kcal per day — see Chapter 14), when coupled with llic 
energy retained in 1 lb of body fat (9*5 kcal per g, or 4300 kcal per lb), 
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give a ratio of maintenance to is resolved 

?rl 86 1. The apparent disagreement lAlth Kellners 

it the latter arc converted to net cner®. 4284 kcal ate 

previously, 11b SE supplies 1071 kcal; hence on the other 

Required for each lb of fat retained. For mamtenance._ on tn 


rcuiiuwu. IWAA.— • — -a* onerpv 

haid. 1 lb SE supplies 1400 keal per 1 lb 8210 kcal 

requnement of KeUnet's steer is 0 = “ od as 5 8x 14W 

The values 4284 and 8120 kcal calculated ^o” ™ 

now in close agreement with the net energy csuniatcs »vo b 

The same approach is used to allow differen«s m e^^» 
.- 1 .,,. e^,./.s,r when the same food is used for different 


value that occur v 


uUlisa- 


duclion The expenments referred to earlier ^ 179) fj^^^ecreUon 
non for milk production showed that 1 lb SE P'°”° . .-mvalent 

of milk containing 1339 keal The .Xreforc 

required to P/°duce 1 ^llon of milVq con^mn^^^ ^ k 


calculated as 3400/1339 = 2 54 lb. not 3400/1071 
requirements are weighted in a similar manner in V't-^yiog 

The success of this solution to the problem posed by -eWive 
different values for different functions depends on whether the 
values for different functions are the same for all foods in «ient 
Equivalent system, the average calonc values of 1 lb starch eq 
are 1400, 1071 and 1339 kcal for mamlenance, fattening and miiK p ^ 
duction respectively, but it is questionable whelhcr these .-j. 

hold true for individual foods As described in the previous c 
the ratio between the efficiency with which metabohsable cner^ i 
for fattemng and that when it is used for mamtenance ten s 
narrower with foods higher m metabolisable energy, and this wi 
reflected m the ratio between net energy values for the two func i 
An example of this effect is given in Table 12 5 . ^ 

The final column shows that the grasses differ markedly m t e 
of their net energy values for maintenance and for production 
value expected in the final column is 76 per cent , since on aqq 

starch equivalent supplies 1071 kcal net energy for fattemng and 
kcal for mamtenance, and 100(1071/1400) = 76 The example sbov^ 
that mdividual observations may be a long way from the average 
comparison between the efficiency values of Table 115 and those 
Table 11 7 suggests that this ratio may vary quite widely Althougn 
little information is available on net energy values for milk production, 
It seems hkely that the ratio of 100 95 between values for maintenance 
and milk production will also vary 
The conclusion is mescapable that any system of evaluation in whic 
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foods are given single energy values will be an inaccurate system. All 
the systems now in use come into this category. One would expect that 
a system like Kellner’s, in which foods were evaluated in terms of net 
energy for body fat synthesis, would tend to underestimate the value for 
maintenance of low-energy foods such as roughages. In the United 
Kingdom this tendency has been partly avoided through Wood’s 
20 per cent, elevation of the starch equivalents of hays, but as a result 
there is now a tendency in the opposite direction, for the value of 
roughages for productive purposes to be overestimated. The latter 
tendency is observed in practice — it has long been the impression 


Table 12.5. Energy Values (kcal/Ib Dry Matter) of Dried Ryegrass 
for Maintenance and Body Fat Production 
(After D. G. Armstrong, 1960, Proc. 8th int. Grassld Congr., p. 485) 



, 

Net energy 

(2) as a 

Grass 

irietaooiiscioie 

energy 

{!) for maintenance (2) for fattening 

percentage 

Young 

1400 

1113 

750 

67-4 

Mature 

1070 

789 

41 0 

52-0 


of farmers and agricultural advisers that 1 lb of starch equivalent in 
roughages does not promote the same liveweight gain as 1 lb in con- 
centrated foods. 

Level of feeding and associative effects. In all energy systems the 
values assigned to foods are used as if they were additive. It is assumed, 
first, that in an animal receiving one food only, doubling food intake 
will also double energy intake, or in oilier words that the energy value 
of a food remains the same regardless of the level of feeding. A second 
assumption made is that the energy value of a ration can be calculated 
by summation of the energy contributed by each of its component 
foods. As discussed earlier, there is much evidence that both assump- 
tions are incorrect. The proportion of food energy lost in the excreta is 
affected botli by the quantity of food given and by associative effects 
between foods. Losses as heat also show associative effects, but are 
independent of the level of feeding (provided that complications due to 
energy being utilised for differing functions arc taken into account). 
But in none of the systems now in use are associative and level of feeding 
effects taken into account. 

The prediction of energy value. The net energy value of a food is far 
from ^ing a constant, even when measured by calorimetry. Yet the 
values used in practice arc, typically, predicted ratlicr than measured, 
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and nre therefore subject to 

method of prediction Kellner ® starch Eq y jo„ghages 

frommeasnred values for about 30food . of 

An examination of his results for r E S ^ ,l,e,r digestible 
determined starch equivalents could te »tim 

nutrients with an accuracy of “ ^'“md to have a starch 

terms this means that, if a roughage rs predict ^ chance that the 
equivalent of 40, there is appro^^^^'y ^ , chance of it lying 

value lies between 37 and 43 and a « P« ^3 greater for 

between 30 and 50. Accuracy of .^/used, but even 

concentrates, for whieh individual value n decimal 

so the accuracy implied by ‘1“““"® the values now muse 

place, as IS often done, IS misleading N nation of starch 

arc predicted, not measured, indeed no direct dele 

eqmvalent made m Britain until Kellner's system had been m 

for over 30 years 

Present Systems and a New System „,tems for 

There is now much theoretical evidence that “object 

evaluating food energy are unlikely to be able to achi balance m 
Z aeenrL prcdietron of the effect of food intake on 
ammals, and hence on then production This 

often been confirmed in the practical application of the sy“ „ 

,h= general expenenee has been that, wh.le all systems 
for companng foods not greatly different from one anolhc . n 
much less accurate for coropansons between such dissimil 
a roughage and a concentrate energy 

There is probably nothing to choose between the three 
systems The TDN system however has the advantage that va , 

readily be determined by direct measurement, and it is also 
that the TDN value of a food comes much closer to being a co 
th ?in does Its net energy value Smee much of the vanabiU y * 
energy values is attnbutable to variations m the efBciency o u 
tion of metabolisable energy, this is a just claim, but it is a mslea 
one if considered in relation to the object of the system The gre 
stability of TDN values is obtained, not by overcoming the 
vanation m net energy values, but by ignormg them In other ’ 
It IS assumed in the TDN system that for any one function of 
nTTimal metabolisable energy will always be used with the same 
whatever the nature of the food This assumption is not far from 
truth as far as the function of mamtenance is concerned, but it is qui e 
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incorrect for the various forms of production Recent American 
expenments have shown TDN to be less accurate than net energy as a 
basis for predicting the performance of productive animals 
It seems inescapable that a system which is to describe accurately 
the relation between food intake and energy balance in ruminants must 
be one based on net energy The important questions are how the net 
energy values of foods should be assessed, and how expressed In 
Britain the Starch Equivalent system has come in for much criticism 
in recent years, and as a result a new system to replace it has been 
proposed by K L Blaxter This system was described originally in 
Blaxter’s book (see ‘ Further Reading ’ at end of this chapter), but has 
since been modified slightly The version described below includes 
these modifications 

The new system attempts to combine the better features of both 
metabolisable and net energy systems The energy values of foods are 
expressed in terms of metabolisable energy, and the metabohsable 
energy value of a ration is calculated by adding up the metabolisable 
energy contributed by its constituents Associative effects on metabol- 
isable energy are therefore ignored 
For an example of the system, we may consider a 300-kg steer fed on 
a daily ration of 5 kg hay and 2 kg maize This would supply the 
following quantities of metabolisable energy 

Metabolisable energy 
m food supplied 

Quantity f ^ 


Food 

(fg{day) 

iMcallkg) 

{hicaljday'i 

Hay 

5 

1 90 

9 50 

Maize 

2 

3 30 

6 60 




16 ID 


If the food contains 90 per cent dry matter* the concentration of 
metabolisable energy m the dry matter would be 16 1/7x0 9 = 2 55 
Mcal/kg This concentration (designated MfD) is important m later 
calculations 

When the total metabohsable energy supplied by the ration has been 
determined, the next step is to calculate the quantity of metabolisable 
energy needed by the animal for maintenance The cnicjcncy with 
which metabolisable energy is used m providing energy for maintenance 
IS reasonably constant, and it is often permissible to assume an average 
value of 74 per cent The quantit) of metabolisable energy required 
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may then be calculated by muluplyntg the effic- 

auLl by 100/74 = 1 35 Xenc® trUntenancc (U 
.ency of util.saucn of “/^gy conccnm^^^ 

may be ptcd.ctcd from the “’='“'’“^“7 way rs 
ration (M/D) An cquaUon for predicting m 
= 6 8 M/D+54 6 

(where MID = Meal Ltabobaablc energy per bg dry matter) 

, u no ThefasungmetabohsmofaSOOlrgs^r 

For our example. fc„ is 72 The lasung for metabol- 

is 6 75 Mcal/day, and hence its mamtcnance requ 

isable energy is ^ ^ ^ ^ Mcal/day. 

Before the metabolisable energy surplus to ^"effeS of level 

tenance is considered, a correcuon must be meSbohsable 

offeedmgCseep 161) ^o make this eorrecuon the 

energy of the ration is multiplied by a factor/, ^ ^ jj^yon (.MjD) 

the level of feeding and the metabolisable energy co 
The formula for /is a^icat 

(where AL = increase in feedmg level over maintenance) 

In the example, MID = 2 55 and L = 16 bro'^’ and the 
therefore 0 72 With these values / is calculated to be 0 SOI, 
corrected metabolisable energy supplied by the raUon is Id 
= 15 47 Mcal/day r.Qm 

Subtracting the metabolisable energy required for 
the total corrected metabolisable energy m the ration gives q 

available for production (15 47—9 38 = 6 09 Mcal/day) ^ 

mg animal the efficiency with which this is utilised (k/) will va^ 
wide range according to the nature of the ration, and must c 
be predicted from MjD A suitable equation is 


kj= 18 4M/D+3 0, 

which gives a value of 50 for the ration under consideration 
equation is mtended to apply for both immature growmg animals an ^ 
mature fattening ammals For milk production the efficieni^ 
utihsalion of metabolisable energy does not vary much from 7 p® 
cent (sec Chapter 15) . 

The energy retamed by the anim al is calculated by multiplying ® 
metaboUsable energy surplus to the mamtenance requirement y 
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Ay/lOO. In our example, energy retention is 

6-09x50/100 = 3-04 Mcal/day. 

Finally, the energy retention of the animal is translated into liveweight 
gain by dividing it by the estimated energy content of the gain. In tWs 
example, a value of 3 Mcal/kg gain is assumed, and liveweight gain 
would be 


3-04/3 = 1-01 kg/day. 

This new system takes into account nearly all the major factors known 
to affect the utilisation of food energy. The only significant factor not 
considered is that of associative effects on metabolisable energy values. 
The system is also intended to be sufficiently flexible to incorporate any 
further factors which come to light. 

The chief drawback of Blaxter’s system is that in rationing animals 
it does not allow the simple balancing of net energy supply and net 
energy requirements which is a feature of the Starch Equivalent system. 
The new system is intended for use in predicting the animal perform- 
ance obtainable with particular rations, and its use in the reverse 
manner, namely to determine how much food is needed to achieve a 
particular level of production in the animal, involves an iterative 
procedure. The second disadvantage is that the system achieves the 
greater accuracy it is likely to have only at the expense of simplicity. 
Both disadvantages can to some extent be overcome by expressing the 
calculations in a graphical form. 


Energy Systems for Pigs and Poultry 

In the feeding of pigs and poultry, less emphasis is placed upon 
the energy content of the food than in feeding ruminants. The main 
reason for Uiis is that pigs and poultry, because they digest cellulose 
to only a small extent, arc limited to a range of foods varying com- 
paratively little in energy content. Nevertheless net energy systems 
have been developed forevaluatiogbothpigand poultry foods, although 
they have not been used much in practice. 

Pigs 

Fingcrling. who was KcUncr*s successor at the M<ickcm Experiment 
Station, carried out a large number of starch equivalent determinations 
with pigs. His results, howocr, arc not In general use, and the energy 
salucs of foods for pigs arc generally stated in terms of metabolisable 
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energy, TDN or digestible energy. It is cott'd'tcd that to 


energy, TDN or digestible energy. It is ^ titilised with approx^' 

able energy of the foods commonly given to pig animal 

mately the same efficieney for any parliciila suggest that, 

Fingerhng-s results, some of whieh are ^ven in Tf ^ less 
although the metabolisable energy in to foods P ^ 
vanable effieiency than is that in to ^ wever ’that m the 
appreciable vaiiabihty It seems unlike y, ■ ,^,,Qiisable 

future there will be any move away from digcstibl 
energy to net energy as a basis for evaluating the energy 
foods 


Poultry 


Net energy values of foods for poultry were 
United States by Fraps, who used to method obtained 


to measure energy retention in young chickens The hsntes o 
were caUed products energy values, m order to ‘ , ..vised 

* Tw-— nrttTTUTintfsnance Frapsaisow'' _ 


were net energy values for growth, not maintenance^ foods from their 


methods for predicting the productive energy values 
gross or digestible nutrients . 

Fraps’s productive energy values have not been used m 

Umted Kingdom As for pig foods, it is argued that for moslp 


foods metabolisable energy is used with reasonably constant effi ' 
and therefore that metabolisable energy is as satisfactory a a 
evaluation as net or productive energy The work of Fraps has 
criticised on the grounds, first, that the comparative slaughter 
IS insufficiently accurate to give reliable results, and second, that ^ 
if net energy values could be measured accurately they would still s 
those inconsistencies caused by associative effects of foods, by the o 
in which energy is stored by the animal, and so on, which are so 
ent m net energy values for ruminants If the last criticism is ‘ ’ 
it IS difficult to see how metabolisable energy could serve as a reha ^ 
means for predicting energy retention in poultry But since Fraps 
results show certain inconsistencies, they do not provide a serious 
challenge to the view now widely held that metabolisable energy is ^ 
satisfactory basis upon which to evaluate poultry foods It is surprisioS 
that so little calorimetry has been carried out with poultry, only two 
determinations of the efficiency of utilisation of metabolisable energy 
having been reported for poultry foods The results of these, given 
m Table 11 7, do not conflict with the constant efficiency commonly 
assumed 

In both the Umted Kingdom and the U S A it has been decided 
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that the energy value of poultry foods should be expressed as metabol- 
isable energy. Metabolisable energy is very easily measured in poultry 
—it is in fact easier to determine than digestible energy, because faeces 
and urine are voided together. In addition there are reliable methods 
for predicting the metabolisable energy of the more common poultry 
foods from their chemical composition. 
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THE EVALUATION OF FOODS 

(d) protein 

Proteins are made up of ammo acids, the classification of 
essential and non essential has already been descnbed 
and in Chapter 9 under ‘ Protein Synthesis * For food to be use 
maximal efficiency the animal must receive the essential ammo 
in the correct quantities, and suffiaent of the non essential amino aci 
to meet the metabolic demands must also be available Simp c 
stomached animals such as pigs and poultry obtain these acids rota 
the breakdovm of proteins during digestion and absorption, 
in ruminant animals the position is more complex considera ® 
degradation and synthesis of protein occur m the rumen, so that t e 
material which finally becomes available for digestion by the amma 
differs considerably from that ongmally present m the food Differ®*^ 
approaches to the evaluation of protein sources are therefore necessary 
for ruminant and for non ruminant animals 
At first foods v-ere evaluated as sources of protein by rather crude 
and simple methods, which took no account of the species of animal 
for which the foods were intended These methods are stiU in use and 
will be dealt with first, and then the more refined methods of assessing 
protem quality will be discussed for simple stomached and ruminant 
ammals separately 

CruiJe protem (CP) Most of the nitrogen required by the animal 
is used for protein synthesis Most of the food mtrogen also is present 
as protem, and it is convenient and almost umversal for the mtrogen 
requirements of ammals and the mtrogen status of foods to be stated 
m terms of protem Chemically the protem of a food is calculated 
from Its mtrogen content, determined by a modification of the classical 
Kjeldahl techmque, this gives a figure for mtrogen in all forms except 
mtrate and mtnte mtrogen Two assumptions are made in calculating 
the protem content from the mtrogen firstly, that all food protem 
contains 16 per cent of mtrogen, and secondly, that all the mtrogen of 
the food IS present as protem The percentage of mtrogen (N) is then 
expressed m terms of crude protem (CP), calculated as follows 
per cent CP = per cent N x 100/16, 

200 
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or more commonly 

per cent, CP — per cent. N x 6*25. 

Both of these assumptions are imsound. Different food proteins 
have different nitrogen contents, and therefore different factors should 
be used in the conversion of nitrogen to protein for individual foods. 
Table 13.1 shows the nitrogen content of a number of common proteins 
together with the appropriate nitrogen conversion factors. Although 
fundamentally unsound, the use of an average conversion factor of 


Table 13.1. Factors for Converting Nitrogen to Crude Protein 
(FromD. B. Jones. 1931, U.S.D.A. Circ. 183) 


Food protein 

Per cent, nitrosen 

Conversion factor 

Cottonseed 

18 87 

5-30 

Soya bean 

17-51 

5-71 

Barley 

17-15 

5-83 

Maize 

1600 

6-25 

Oats 

17-15 

5-83 

Wheat 

17-15 

5-83 

Egg 

16-00 

6-25 

Meat 

16-00 

6-25 

Milk 

15-68 

6-38 


6‘25 for food proteins is considered to be justified in practice — except 
that where a single food provides the major part of the protein of the 
diet, the error resulting from the use of this factor could be of import- 
ance, especially with certain of the oilseed residues. The assumption 
that the whole of tlie food nitrogen is present as protein is also false, 
since many simple nitrogenous compounds such as amides, amino 
acids, glycosides, alkaloids, ammonium salts and compound Ifpids 
may be present (sec Chapter 4). Quantitatively however only the 
amides and amino acids are important, and these arc present in 
large amounts in only a few foods, such as young grass, silage and 
immature root crops. In the diets of pigs and poultry, cereals and 
oilseed meals predominate, and in these there is little non-protein 
nitrogen. Hence in practice there is little to be gained from attempting 
to distinguish between the two types of nitrogen, particularly as a 
considerable proportion of the non-prolcin fraction can be utilised 
for amino acid synthesis by the animal. 

True protein (TP). Wherc true protein needs to be determined, 
it can be separated from non-prolcin nitrogenous compounds by 
precipitation with cupric hydroxide, or in some plant material by heat 
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» filtered and the residue subjected t 
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coagulation The protein is then f 
Kjeldahl determinauon fiaure provides 

D,ganble crude pro, cm (DCP) The crude pretcin _ P 
a measure of the nitrogen present in the food, b g ^ 

oftheusefulnessofthisnitrogcntotheaminal dunnK which it is 

available to the animal it must ISo the body 

broken down to ^“P'" "f* ,d by <i'g« 

The digesublc protein m a food may apparent’ 

Inals, as described m Chapter 10 Such trials give gu faeces of 

and not ’true’ digestibility owing to J, food but 

metabolic nitrogen, which is not derived direct y ^ja Uius 

from wastage in the animal s body The ^ohe faecal 

lower than the true values, but since the loss o nutritive 

nitrogen is inevitable they are a more rcatisUc dieestibihty, 

value Usually no attempt is made to detcnnmc the true g 
and the coefficients m everyday use are apparent values 
Protein digestibdity is sometimes estimated by f the 

with acid pepsin for 48 hours at 37* C The 
insoluble residue is then estimated by the Kjeldahl method, 
digestible protein calculated by subtracting this value from the p 
content of the food The method is of very lumtcd value, smw 
involves the acuon of only one enzyme instead of the many 
digestive tract, and also vanes with fineness of grinding and conOi 
of drymg of the food At best it may be useful for compara i 
purposes 


Measures of Protein Quauty for Simple sxoiiACHED 
Animals 

Digestible protein figures are not entirely satisfactory assessments 
of a protem because the efficiency with which the absorbed protein 
IS used differs considerably from one source to another In order to 
take this into account methods of evaluating proteins have been 
devised which are based on the response of expenmental ammals 
to the protein under consideration 

Protem efficiency ratio (PER) The protem efficiency ratio normally 
uses growth of the rat as a measure of the nutritive value of dietary 
proteins It is defined as the weight gam per unit weight of protem 
eaten and may be calculated by using the following formula 
P£j^ ^ gam m body weight (g) 
protem consumed (g) 
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The value varies with the level of protein intake, and is at a maximum 
for different proteins at different levels. Determining which level 
of intake is associated with the maximum PER enables a comparison 
of the quality of different protein sources to be made. A modification, 
where the weight gain compared with that of a control group fed on a 
protein-free ration is divided by the protein consumed, gives the 
net protein ratio (NPR). 

Cross protein value (GPV). The liveweight gains of chicks receiving 
a basal diet containing 8 per cent, crude protein are compared with 
those of chicks receiving the basal diet plus 3 per cent, of a test protein, 
and of others receiving the basal diet plus 3 per cent of casein. The 
extra liveweight gain per unit of supplementary test protein, stated as a 
percentage of the extra liveweight gain per unit of supplementary 
casein, is the gross protein value of the test protein, i.e. 

GPV -=4 xlOO, 

Ao 

where is g increased weight gain/g test protein^ and Aq is g increased 
weight gain/g casein. 

Determinations of the PER, NPR or GPV require a regular supply 
of standard young animals, which have to be looked after individually 
during the experimental period. Thus these methods of protein evalua- 
tion are expensive and require considcnible technical resources. The 
most commonly used is the GPV, but this is limited in its usefulness, 
since it provides information only on the relative value of a protein 
in supplementing a particular basal ration; in addition it depends upon 
measurement of liveweight gains which may not be related to protein 
stored. A more accurate evaluation of protein may be obtained by 
using the results of nitrogen balance experiments. In such experi- 
ments the nitrogen consumed in the food is measured as well as that 
voided in the faeces, urine and any other nitrogen-containing product 
such as milk, wool or eggs. Where the nitrogen intake is equal to the 
output, the animal is in nitrogen equilibrium. Where the intake 
exceeds the outgo, it is in positive nitrogen balance. Where outgo 
exceeds intake, the animal is in negative balance. Tabic 13.2 illustrates 
the calculation of a nitrogen balance for a 42-kg pig fed on a diet con- 
taining soya bean meal as the protein source. The pig Nvas in posithe 
nitrogen balance, storing 10*77 g nitrogen per day. 

Protein replacement laluc (PRV). This value measures the extent 
to which a lest protein will gi\c the same balance as an equal amount 
ofa stand.ird protein. Two nitrogen balanccdcicrminaiionsarc carried 
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out, one for a standard such as egg or pRvt 

quahty, and one for the protein under investigation 

calculated as follows A—Jt 

“ N mtate 

where .1 = N balance for standard protein S’ 

B = N balance for protein under f similar 

The method can also be used to compare two p .y.jed 

conditions, where no standard value for replacement i q 


Table 13 2 Nitrogen Dalancc for a Hampshire Pig on a Soya Bean 
Meal Diet _ , 531 

(FromD G Armstrong and H H Mitehell, 1955 J Anta SeI,H,5« 

Dmlym:^e(gy DiulyoulgoiS) 


Food nitrogen 

19 82 

2 02 

Faecal nitrogen 


7 03 

Urinary nitrogen 


10 77 

Kitrogen rctamed by the body 

*“ 


Balance 

19 82 

« +10 77 g/day 

I 9 I 2 


The PR.V measures the efflciency of utilisation of 
to the animal Other methods measure the utilisation of digeste 
absorbed prolem . jj 

Biological value (BV) This is a direct measure of the 
of the food protein which can be utihsed by the ammal for 
body tissues and compounds, and may be defined as the percen g 
of the nitrogen absorbed which is rctamed by the animal A ba an 
trial IS conducted m which nitrogen mtake and urinary and 
excretions of nitrogen are measured, and the results are used to calcu a e 
the biological value as follows 

BY s= ^ intake— (faecal N+unnary N) ^ jqq 
"* N mtake— faecal N 

Part of the nitrogen of the faeces, however, the melahohc faecal nitrogen, 
IS not denved directly from the food Urmary mtrogen also contain^ 
a portion of mtrogen, known as the endogenous urinary mtrogen, which 
IS not directly denved from food mtrogen The significance of the 
endogenous urinary mtrogen is discussed m more detail later (Chapter 
14) Bnefly, it is mtrogen denved from expendable tissues and 
secretions, together with waste mtrogen ansing dunng normal kata 
bohsm and resynlhesis of tissue proteins The existence in both faeces 
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and urine of nitrogen fractions whose excretion is independent of food 
nitrogen is most convincingly demonstrated by the fact that some 
nitrogen is excreted when the animal is given a nitrogen-free diet. 
Such diets, adequate in all other respects, provide a means of measuring 
the magnitude of endogenous urinary nitrogen and metaboh’c faecal 
nitrogen (see Chapter 14). Since both fractions represent nitrogen 
which has been utilised by the animal rather than nitrogen which cannot 
be utilised, it is obvious that their exclusion from the faecal and urinary 
fractions in the formula given above will yield a more precise estimate 
of biological value. The revised formula is 

nv _ ^ intake— (faecal N—MFN)— (urinary N—EUN) 

~ N intake —(faecal N — MFN) 

where MFN == metaboh'c faecal m'trogen and EUN = endogenous 
urinary nitrogen. 

* Biological values * are normally calculated by this equation, while 
those derived from the former equation are usually termed ‘ apparent 
biological values In determining biological value, as much as 
possible of the dietary protein should be provided by the protein 
under test. Protein intake must be suflicient to allow adequate nitrogen 
retention, but must not be in excess of that required for maximum 
retention; if the latter level were exceeded, the general amino acid 
kataboUsm resulting would depress the estimate of biological value. 
For the same reason sufficient non-nitrogenous nutrients must be given 
to prevent kataboUsm of protein to provide energy. The diet must 
also be adequate in other respects. Table 13.3 shows an example of 
the calculation of a biological value from nitrogen balance data, and in 
Table 13.4 biological values arc given for the proteins of some typical 
foods. 

Such biological values arc for the combined functions of main- 
tenance, meaning the replacement of existing proteins, and growth, 
or the formation of new tissues. A biolo^cal value for maintenance 
alone may be calculated from nitrogen balance data. A linear relation- 
ship exists between nitrogen intake and nitrogen balance below 
equilibrium (Fig. 14.2) which is represented by the following equation: 

y « Av— <r, 

where y = nitrogen balance, 

X = nitrogen absorbed, 
a » nitrogen loss at zero intake 

b, the nitrogen balance index, represents that fraction of the absorbed 


mg nitrogen per basal 
kcai; 
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nitrogen which is retained m the body, and when expressed as a p 

centage IS equal to the biological value wcri.aesti- 

The usefulness of a protein to the animal will depend up 
biUly as well as its biological value The product of these 


Table 13 3 Calculauon of Biological Value of a Protein for Maintenance an 

Growth of the Rat 

(After H H Mitchell. 1924, J biot C/icm , 58, 873) 


Food consumed daily (g) 

Nitrogen in food (per cent ) 

Daily nitrogen intake (mg) 

Total nitrogen excreted daily in urine (m^ 

Endogenous lutrogen excreted daily in unne (mg) 

Total mtrogen excreted daily m faeces (mg) 

Metabolic faecal nitrogen excreted daily (mg) 

62 6-(20 9-10 7)~(32 8 -22 0) 
62 6-(20 9-10 7> 


XlOO 


600 
1 W3 
62 6 
32 8 
220 
209 
10 7 


IS the proportion of the nitrogen intake which is retained, and is 
the net protein utilisation (NPU) The product of the NPU and th« 
percentage crude protein is the net protein lalue (NPV) of the foo > 
and IS a measure of the protein actually available for metabolism by the 
animal 


Table 13 4 Biological Values of the Protein m various Foods for Maintenance 
and Growth for the Growing Pig 

(From D G Armstrong and H H MitcbeU, 1955, / Amm Set , 14, 53) 


Food 

BV 

Milk 

95-97 

Fish meal 

74-89 

Soya bean meal 

63-76 

Cottonseed meat 

63 

Linseed meal 

61 

Maize 

49-61 

Barley 

57-71 

Peas 

62-6S 


The ammo acid mixtures absorbed by the animal are required for 
the synthesis of body proteins The efficiency with which this synthesis 
can be effected depends partly on how closely the armno acid proportions 
of the absorbed mixture resemble those of body proteins, and partly 
on the extent to which these proportions can be modified The bio- 
logical value of a food protein, therefore, depends upon the number 
and kind of ammo acids present m the molecule the nearer the food 
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protein approaches the body proteins in amino acid make-up, the 
higher will be the biological value* Animals have little ability to store 
amino acids in the free state, and if an amino acid is not immediately 
required for protein synthesis it is readily broken down and either 
transformed into a non-essential amino acid wliicli is needed by the 
animal, or used as an energy source. Since essential amino acids 
cannot be effectively synthesised in the animal body, an imbalance of 
these in the diet leads to a wastage. Food proteins with either a 
deficiency or an excess of any particular amino acid will tend to have a 
low biological value. 

If we consider two food proteins, one deficient in lysine and rich in 
methionine and the other deficient in methionine but containing an 
excess of lysine, then if these proteins are given separately to young pigs, 
they will both have low biological values because of the imbalance of 
these two essential amino acids. If however the two proteins are 
given together, then the mbiture of essential amino acids will be better 
balanced and the mixture will have a higher biological value than when 
either protein is given alone. Such proteins supplement each other. 
In practice, and for a similar reason, it often happens that a diet con> 
taining a large variety of proteins has a higher biological value than 
a diet containing only a few. This also explains why biological values 
for individual foods cannot be applied when mixtures of foods arc used, 
since clearly the resultant biological value of a mixture is not simply 
a mean of the individual components. For the same reason it is im- 
possible to predict the value of a protein, as a supplement to a given 
diet, from its biological value. 

Animal proteins generally have higher biological values than plant 
proteins, aliliough there arc exceptions such as gelatine, which is 
deficient in several essential amino acids. 

The amino acid composition of a given food protein will be relatively 
constant (sec Appendix Table 4), but that of the protein to be syn- 
thesised will vary considerably with the type of ammal and the various 
functions it has to perform. For the normal growth of rats, for 
example, lysine, tryptophan, histidine, methionine, phenylalanine, 
leucine, isolcucinc, threonine, valine and arginine arc dietary essentials. 
Man docs not require histidine, while chicks need gl>cinc as well as 
those required by the rat to ensure normal growth. On the other hand 
arginine is not a dietary requirement for maintenance of the rat. 

The situation is furtlicr complicated by the fact that some amino 
acids can be replaced in part by others; for example methionine can 
partly be replaced by cystine, and similarly t>rosinc can partly replace 
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phenylalanine In such 

considered togetber in assessing t c suffice as a measure of the 

Ihatnosinglefigurcforbiolofiicalva^cw^^^^^^ .^j^erent 

acid make-up, it would seem logical „ acid con- 

orotein by a quantitative estimation of its essentia reauire* 

stitution and then compare this with the j. j proteins 

meats of a particular class of animal, such “"“'f “^“t„‘;„ph.c 
may he readily carried out by modern “Pj’f ' f^tTeach ammo 
techniques Evaluations of proteins made by 

acid individually, however, would be laborious , ;,ac,d 
and several attempts have been made to state the results 
analyses in a more useful and convenient form nuality of a 

Chemical score In this concept it is considered that the quality ^ 
protein is decided by that essential ammo acid which 0==“'^ m ‘ , 

15 in greatest deRcit when compared with a standard in the form ' g» 
protein The content of each of the essential ammo acids of a Pt 
IS expressed as a percentage of the standard, the lowest percentage 
taken as the score In wheat protein, for example, the essential a 
acid in greatest deficit is lysine The contents of lysme in egg and w 
proteins are 7 2 per cent and27pcrcent respectively, and the chemi 
score for wheat protein is therefore 2 7/7 2 x 100 = 37 Such va 
correlate well with the biological values for rats and human being^ 
but not for poultry They are useful for groupmg proteins into ca e 
gones, but suffer a senous disadvantage in that no account is ta e 
of the deficiencies of acids other than the acid m greatest deficit 
The essential ammo acid index (EAAI) Here the amounts of a 
the ten essential amino acids present are considered It may be define 
as the geometric mean of the egg ratios of these acids, and is calculate 


EAAI = " /— X — X — 

a* ^ K ^ c. 


. 122 / 
jt ' 


where a, b, c j = percentages of the essential ammo acids in the 
food protein, o*, 6*, — percentages of the same essential amino 

acids m egg protem, and n = the number of ammo acids entering into 
the calculation 



PROTEIN EVALUATION 


209 


The index has the advantage of predicting the effects of supple- 
mentation in combinations of proteins. It has the disadvantage that 
proteins of very different amino acid composition may have the same 
or a very similar index. 

Both the chemical score and the essential amino acid index are 
based upon gross amino acid composition. A more logical approach 
would be to use figures for the amino acids available to the animal. 
Such figures may be obtained in several ways, /n vwo determinations 
involve amino acid analyses of food and faeces. The figures so obtained 
are suspect because the faeces contain varying amounts of amino acids 
not present in the food, and also because digestibility is not synonymous 
with availability; in addition m vivo digestibility trials are laborious 
and time-consuming and require considerable technical resources and 
skill. /« viiro digestibility determinations involve the action of one 
or at most a few en 2 ymes and are thus not strictly comparable with 
the i/i vivo action, which involves a scries of en:Q'mes — although there 
is a relationship between the two. 

Microbiological assay of available amino acids. Certain strains of 
Streptococci and Tetrahymena have proteolytic activity and an amino 
acid requirement similar to that of domestic animals performing 
various functions. Such organisms could be used for available amino 
acid assay by measuring the growth response of a micro-organism 
to an intact protein in a culture medium deficient in a particular essen- 
tial amino acid. Recent work with Streptococcus zymogenes indicates 
that it may form the basis of a rapid simple laboratory lest for several 
essential amino acids. 

Biological methods. These are based on measuring the growth or 
nitrogen retention of animals fed on an intact protein as a supplement 
to a diet deficient only in the amino acid under investigation. The chick 
is the usual experimental animal, and response to the test material 
is compared with the responses obtained with supplements of pure 
amino acids. The construction of diets deficient in specific amino acids 
but otherwise adequate is one of the main problems. A method for 
methionine and cystine is operative and has given good results. 

Chemical methods. It would be ideal if simple chemical procedures 
could be used to determine the availabtiity of amino acids, provided 
the results correlated well with those of accepted biological methods. 
So far only one promising method has been developed, that for avail- 
able lysine. The availability of dietary lysine depends upon the 
extent to which the e-amino groups arc not chemically bound. The free 
<-amino groups of lysine react with fluoro*2,4-dinIlrDbcnzcne to 
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produce a coloured derivative, and f thf;Jv'adableV"= 

to estimate the lysme ivith free e-amino g „ „,ih biological 

In practice the method has been found to corr 

procedures in evaluating proteins as areals The 

IS limiting, such as those eontaming lug P P j^^al- 

correlation svith biological P'““‘‘“'f* “ amino acids are 

protein diets, even though **''=, and high-carbo- 

r-Lrr:tSioTsnrrSsh^^^^^^^ 

r*~m=Ltnr.:;rhlbeenproposed^ 
this, but none has been completely satisfactory 

Measures of Food Protein used m the Practical Feeding of FiQS 
Poultry . . A by 

The difficulUes m assessing the value o*" . n proposed, 

now be apparent from the variety of methods that have be P 

Table 13 5 Relauonships between Gross Protein Value and 
Available Lysme 

(From A W Boyne el al . 1961. / Sci Fd Agnc , 12, 

Gpy Available lysme (yll6 g nitros^’* 


Food 

Fishmeal 

Whale meat meal 


62 

106 

121 


36 
S 6 
67 

37 


Meat and bone meal 


27 
4 1 
44 


all of which have considerable limitations A crude protein figure 
useful, and this is normally used in preference to digestible crude pro 
tern, because the digestibility of the proteins in foods commo y 
given to pigs and poultry is fairly constant and because the to 
nitrogen content is readily determmed m the laboratory 

The quality of the proteins m a particular food is mdicated y 
stating the contents of all the essential ammo acids, or only of those 
most hkely to be deficient In practice pig and poultry diets are base 
largely on cereals, and assessment of the protem value of foods for 
such animals is then a question of measurmg their abihty to supplement 
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the amino acid deficiencies of the cereals. The main deficiency in such 
cases is that of lysine and methionine, so that the most useful measures 
of protein quality are those which reflect the available lysine or methi- 
onine content of the food. The determination of available lysine is 
now accepted as a routine procedure for animal protein foods in many 
laboratories. 

The gross protein value is the most commonly used biological method 
for evaluating proteins. Gross protein values measure the ability of 
proteins to supplement diets consisting largely of cereals, and they 
correlate well with available lysine figures, as shown in Table 13.5. 

Ruminant Animals 

Proteins in foods for ruminant animals are traditionally evaluated in 
terms of crude protein or digestible crude protein. Realisation that the 
crude protein fraction contained variable amounts of non-protein 
nitrogen led to the use of true protein instead of crude protein, but this 
was unsatisfactory since no allowance was made for the nutritive 
value of the non-protein nitrogen fraction. The concept of protein 
equivalent (PE), introduced in 1925, was an attempt to overcome this 
difficulty by allowing the non-protein nitrogen fraetion half the nutri- 
tive value of the true protein. It was calculated as follows : 

PE = % Digestible TP+ ^ 

or 

nc % Digestible CP^ % Digestible TP 

PE= 5 . 

Protein equivalent is stiU widely used, but in the light of present-day 
concepts of rumen function there seems to be no justiiication for its 
use in preference to digestible crude protein (DCP). This is nowadays 
the most widely used general measure for evaluating protein sources 
for ruminants. 

Measurcs or Protein Quality tor Ruminants 

The assessment of protein quality for ruminants is dilTicult since 
tlic food proteins arc drastically altered in the rumen by the action 
of micro-organisms, as described in Chapter 8. Proteins arc broken 
do\sn to amino acids or ammonia and a large proportion of them 
used for the synthesis of microbial proteins, which arc ocntually 
digested and absorbed from the small intestine by the host. The rumen 
micro-organisms are capable of synthesising all the essential as well as 
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ths non essential ammo acids, henre to the 

eventually entenng the animal’s blood bears no relatio 

ammo acid make up of the original diet coniparaUvcly high. 

The biological value of microbial ^ nucrobial 

about 80 , and clearly the conversion “f P™" u^ortunately 

prolem will m many cases be of advantage to J this 

the overall biological value of the food protein g V Although 

value, because of the formation of aiMOma ■“ a large 

some ammonia m the rumen ui uUhMd by urea, 

amount is absorbed into the blood, where it ^ 

Some of this is passed back into the rumen in for 

part is esereted in the urme The 

rummants thus depends largely upon the extent , the 

formed and utihsed in the rumen This m ‘“f =^=P?fp“^a°bihty 
suscepUbility of the protem to deamination and upon the 
of a source of energy for the rumen microorganisms 
The efficiency of protein synthesis by the rumen 
depends upon condiuons m the rumen, and r carbo- 

protem content but of a high energy level m the form protem 

hydrate Neither of these latter is a measurable function 01 m p 
source itself, but rather of the diet of which it fonns m 

cannot be taken into account m an evaluation of a food p 

isolation j nrotcio 

On the other hand the extent to v-hich deamination of loo 
takes place depends on such factors as surface area of protein 
for microbial attack, physical consistency of the protein, pro 
action of other constituents, and the chemical nature of the pro ^ 
Susccplibihty to deamination is thus a property of the protein i 

and should be mcludedm a system of protem evaluation 

Measurement of ruminal ammonia concentration An estima 
susceptibihty to deamination may be made by measuring the co 
centration of ammonia m the rumen when the protem is given 
standard conditions The higher the concentration, the greater is 


susceptibility 

Measurement of salt pepiisability This method is also used n 
esUmatmg the susceptibiUfy of a protein to dearrunation, and is cam 
out by measuring its solubility in a salt solution of standard concen 
tration under standard conditions of time and temperature 
Both these methods involve simple laboratory techmques, but they 
arc not used a great deal m practice because they measure susceptibihty 
to deanunation only mdtrectly 
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Measures of Food Frolem used m Practical Feedmg 
Nitrogen balance deternunations give the most accurate measures 
of the value of proteins m given diets These, however, relate only 
to the animals and experimental rations used To cover all possible 
variations of diet, animal and physiological state is virtually impossible, 
and even to provide sufficient information to allow of modified appli- 
cation to individual cases would require an enormous amount of work 
Such information, should it become available, would be of great value 
At present, evaluation of food protein for ruminants in feeding 
practice is based on determimng the crude protein figure, for which a 
digestibility coefficient, available from pubhshed work, is then assumed 
and used to calculate a figure for digesbble crude protein Little 
attempt is made to take the quality of the protein into account m terms 
of Its biological value, since many workers consider that for practical 
purposes it may be assumed that food mtrogen reaches the abomasum 
largely as microbial protein, and is thus of constant biological value 
This value is sometimes taken into account in formulating protem 
requirements, and foods may then be evaluated in terms of digestible 
crude protein The danger inherent in this approach is illustrated by 
figures as divergent as 60 and 75 which have been suggested by different 
workers as the biological value to be assumed 
Food protein cannot be evaluated m isolation but must be considered 
m relation to the diet as a whole, and m particular to the level of 
protein and soluble carbohydrate present 
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Chapter 14 


FEEDING STANDARDS FOR MAINTENANCE 
AND GROWTH 


Statements of the amounts of nutncnts required by am 

scribed by the general lam, feeding slnndards Two oth Neither 

in the same context are nutnent requirement and aUmance 

IS sinctly defined, but a rough distinction between them is > ^ 

requirement is a statement of what animals on average requ 

particular function, the allowance is greater than this 

safety margin designed pnncipally to allow for vanations m r 


meat between individual animals 
Feeding standards may be expressed m quantities of nutnen 
dietary proportions Thus the phosphorus requirement o a 
pig might be stated as 7 3 g P per day or as 0 5 per cent P m 
The former method of expression is used mainly for animals givw 
quantities of foods, the latter for animals fed to appetite Van 
units are used for feeding standards For example, the energy 
mcnls of ruminants may be stated in terms of starch equivalent t, ^ 
energy), metabolisable energy or TDN, and their protein requiremen 
m terms of available protein, digestible crude protein or, occasiona y» 
crude protein It is obviously essential that the units used ^ 
standards should be the same as those used m the evaluation of foo 
Standards may be given separately for each function of the anim 
or as overall figures for the combined functions The requiremen s 
of dairy cows, for example, are given separately for maintenance and for 
milk production, but those for growing chickens are for maintenanW 
and growth combined In some cases the requirements for sing e 
functions are not known this is true particularly of vitamin and trace 


element requirements 


As mentioned above, the translation of a requirement into an allow* 
ance which is to be used m feeding practice is accompanied by the 
addition of a safety factor The justification for such safety factors 
IS lUustrated by the following example Suppose that m cattle of 1000 lb 
hveweight the requirement for energy for maintenance is found to 
range m individuals from 5 0 to 6 0 lb starch equivalent, with a mean 
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value of 5*5 lb. While some of the variation may be caused by in- 
accuracies in the methods of measurement used, much of it will un- 
doubtedly reflect real differences between animals. This being so, the 
adoption of the mean estimate of requirement, 5-5 lb SE, as the allow- 
ance to be used in practice, will result in some cattle being over- and 
others underfed. Underfeeding is regarded as the greater evil, and so a 
safety factor may be added to the requirement when calculating the 
allowance to be recommended. This safety factor will be designed to 
ensure that no animals, or only those with an exceptionally high 
requirement, will be underfed. It may be an arbitrary addition or, 
better, one based mathematically on the expected variation between 
animals; the larger this variation, the greater should be the safety 
factor. Safety factors have been criticised on the grounds that over- 
feeding, say, 90 per cent, of the population to ensure that the remaining 
10 per cent, are not grossly underfed is a wasteful procedure. 

Variations between animals, and also between samples of a food, 
must always be borne in mind when applying feeding standards. Such 
variations mean that the application of standards to individual animals 
and individual samples of foods must inevitably be attended by 
inaccuracies. For this reason feeding standards should be considered 
as guides to feeding practice, not as inflexible rules ; they do not replace 
the art of the stockman in the finer adjustment of food intake to animal 
performance. Feeding standards, however, are not restricted in 
application to feeding individual animals: they can be used on a 
larger, farm scale to calculate, for example, the total winter feed 
required by a dairy herd, and even on a national scale to assist in 
planning food imports. 

The object in this chapter and the next will be to discuss the scientific 
basis for feeding standards and to describe briefly how they are detcr- 
nuned. Some tables of feeding standards arc included in the Appendix, 
but as the standards used in the United Kingdom are now being revised, 
those given in the tables (except those for poultry) must be regarded 
as interim values. For many years the standards used in the United 
Kingdom have been contained in the Ministry of Agriculture’s bulletins 
llaiioiis for Livestock and Poultry Nutrition. (Many other countries 
have similar publications. The standards used in the United States 
arc summarised in a scries of booklets published by the National 
Research Council, U.S.A., under the general title ‘ Nutrient Require- 
ments of Domestic Animals *.) In Britain there is a widespread feeling 
dial llic standards now in use need to be revised and extended. Some 
modifications wcic suggested al a conference held in 1958, and since 
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then the Agricultural Research Counr^ has set 

review feeding standards. Tins co^ttee « farm 

in technical reviews and summaries for each of the ma _ 

animal. At the time of writing (Spnog only ^ 
Recommendations’ for poultry has been published. h 
standards given at the end of the present 
number of sources, a fuU list of which is given m the Appendix. 


Feeding Standards for Maintenance 
An animal is in a state of maintenance when its body composition 


1 constant, when it ©ves rise to no 


mcu M UWWj 

product such as ^Ik and 
when it performs' no work on its surroundings. As farm ^ 

rarely kept in this non-productive state, it might seem to e 
academic interest to determine nutrient requirements for 
but the total requirements of several classes of ammals, n 
dairy cows, are arrived at factorially by su mmin g requiremen s ^ 
lated separately for maintenance and for production. 
knowledge of the maintenance needs of animals is of practical as 
theoretical significance. The relative importance of requirem 


Table 14.1. Approximate Proportions of the Total Energy 

Animals which are contributed by tbeir Requirements for Maintcnan 



Required for: 

Maintenance as 
a percentage 

Mamlenaace 

Daily values (Jical net energy^ 

Production 

of total 

Dauy cow weighmg 1100 lb and 
pioducmg 40 lb milk 

8000 

13,600 


Steer weighmg 700 lb and gam- 
ing 2 lb 

7000 

3200 


Pig weighmg 100 lb. and gaming 

1-5 lb 

1200 

3000 


Fowl weighmg 1000 g and 
gammg 27 g 

Annual eoluer {Meal net energyy 

120 

60 

66 

Dairy cow weighmg 1 100 lb, pro- 
duemg a calf of 80 lb and 9000 
lb milk 

2920 

3060 

49 

Sow weighmg 450 lb, producing 

16 piglets, each 3 5 lb at birth, 
and 2000 lb milk 

1100 

1160 

49 

Hen weighmg 2000 g, producing 
220 eggs 

4S 

20 

69 


rwews Md summanes of Uie nutrient requirements of ruminants 
were published m December 1965 ; see reference 19 m iS Appendix, p. 390. 
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for maintenance is illustrated in Table 14.1, which shows the proportion 
of their total energy requirements used for this purpose by various 
classes of animal. 

Animals deprived of food are forced to draw upon their body reserves 
to meet their nutrient requirements for maintenance. We have seen 
already that a fasted animal must oxidise reserves of nutrients to provide 
the energy needed for such essential processes as respiration and the 
circulation of the blood. Since the energy so utilised leaves the body, 
as heat, the animal is then in a state of negative ener©f balance. The 
same holds true for other nutrients: an animal fed on a protein-free diet 
continues to lose nitrogen in its faeces and urine, and is therefore 
in negative nitrogen balance. The purpose of a maintenance ration 
is to prevent this drain on the body tissues, and the maintenance require- 
ment of a nutrient can therefore be defined as the quantity which must 
be supplied in the diet so that the animal experiences neither net gain 
nor net loss of that nutrient. The requirement for maintenance is thus 
the minimum quantity promoting zero balance. (The qualification 
* minimum * is necessary, because if the animal is unable to store the 
nutrient in question, increasing the quantity supplied above that required 
for maintenance will still result in zero balance.) 

Energy Requirements for Maintenance 

Basal and fasting metabolism. It was explained earlier (p. 156) that 
energy expended for the maintenance of an animal is converted into 
heat and leaves the body in this form. The quantity of heat arising in 
this way is known as the animal’s basal metabolism^ and its measure- 
ment provides a direct estimate of the quantity of net energy which the 
animal must obtain from its food in order to meet the demand for 
maintenance. The measurement of basal metabolism is complicated 
by the fact that the heat produced by the animal does not come only 
from this source, but comes also from the digestion and metabolism 
of food constituents (the heat increment of feeding), and from the 
voluntary muscular activity of the animal. Heat production may be 
further increased if tlic animal is kept in a cold environment (sec 
p. 223). 

When basal metabolism is measured, the complicating effect of the 
heat increment of feeding is removed by depriving the animal of food. 
The period of fast required for the digestion and metabolism of previous 
meals to be completed varies considerably vvith species. In Man on 
overnight fast is sufficient, but in ruminant animals digestion, absorption 
and metabolism continue for several da>'S after feeding ceases, and a 
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fast of at least four days tvould bo necdrf 

mended for the p.g, and two days for tho fowl There a 

criteria for establishing whether the animal has 

absorptive state If heat production ran be meMU 3 

the most satisfactory indication is the dcchne in P 

steady, constant level A second indication is given y (.jjanges 

quotient (p 166) la fastmg. the oxidauon mixture padu^y^^ 

from absorbed fat. carbohydrate and protein to body fat aad some bo y 
protein This replacement in the nnxture of “bohydrme by tat^^ 
accompanied by a decbne m the non prolcm respiratory q ’ . 

when the theoretical value for fat {0 7) is reached it may 
that energy is being obtained only from body reserves n reached 
an additional indication that the postabsorplive state has ec 
IS a decline m methane production (and therefore digestive ac vi y 

very low level rinction 

The contribution of voluntary muscular activity to heat pro 
can be reduced to a low level when basal metabolism 
human subjects, but m farm animals the cooperation needed to o _ 
a state of complete relaxation can rarely be achieved Fasting may 
activity, but even the small activity represented by standing as °PP 
to lying IS sufficient to increase heat production by about 12 per 
Consequently the term fasting nteiabohsin is to be preferred ^ 
metabohsm in studies with farm animals, since strict basal conditio 


are unlikely to be observed 

A term used in conjunction with fasting metabolism is fasW9 
katabohsm This includes the relatively small quantities of energy los 
by fasting animals m their unoe 

Some typical values for fasting metabolism are given m Table H 
As one would expect, the values arc greater for large than for smal 
animals, but column 2 shows that per umt of liveweight, fasting 
metabolism is greater in small animals At an early stage in the study 
of basal metabohsm it was recognised that fastmg heat production is 
more nearly proportional to the surface area of ammals than to their 
weight, and it became customary to compare values for animals of 
different sizes by expressing them m relation to surface area (column 3 
of Table 14 2) The surface area of ammals is obviously difficult to 
measure, and methods were therefore devised for predicting it from 
their body weight The basis for such methods is that, in bodies of tb® 
same shape and of equal density, surface area is proportional to the 
two thirds power of weight (IFo 67^ The logical development of this 
approach was to omit the calculatioa of surface area and to express 
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fasting raetabohsm in relation to When the relation between 

fasting metaboJism and body weight was examined further, however, 
it was found that the closest relationship was between metabolism 
and PFo 73^ not ff^o 67 The former function (or tlie nearly similar 
fvo 75) has therefore come into use as a reference base for fasting 
metabolism (column 4 of Table 14 2) 


Table 14 2 Some typical Values for the Fastmg Metabolism 
of Adult Animats of vanous Species 

Fasintg metabolism (kcol/day) 



Live- 

Per 

Per kg 

Persg metre 

Per 


v.eight 

ammal 

Iwcneight (HO 

surface area 

kg fyo 73 

Animal 

m 

(1) 

(2) 

(3) 

(4) 

Cow 

500 

7470 

14 9 

1530 

80 

Pig 

72 

1342 

18 6 

920 

59 

Man 

70 

1700 

243 

950 

77 

Sheep 

50 

1060 

21 2 

890 

61 

Fowl 

3 5 

187 

53 4 


75 

Rat 

029 

28 1 

96 9 

840 

69 


There has been considerable discussion whether surface area or 
73 (often called metabolic hvewetght) is the belter base This will 
not be repeated here, but is contained in the books listed at the end of 
the chapter Mathematically there is nothing to choose between the 
two bases, for their relationships with fasting metabolism are equally 
close 

The fasting metabolism of adult animals of species ranging in size 
from mice to elephants has an average value of 70 kcal per kg 73 
per day, but there arc considerable variations from species to species 
Among farm animals, cattle have a fasting metabolism about 15 per 
cent higher than the intcr-spccics mean, and sheep a fasting metabolism 
15 per cent lower There are also \anattons within species, notably 
those caused by age and sex Fastmg metabohsm per unit of metabolic 
hvcwcight IS higher m young animals tlian m old, being for example 
120 kcal per kg IFo 73 m ayoungcalf but only SO kcal per kg IFo 73 m a 
mature cow It also tends to be higher in males than m females 
Estimating maintenance energy requirements from measurements other 
than those of fasting metabolism The quantity of energy required for 
maintenance is, by definition, that which promotes energy equilibrium 
(zero energy balance) Tins quantity can be estimated directly m fed, 
as opposed to fasting, animals if the energy content of their food is 
known and their energy balance can be measured The maintenance 
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requirements of ealtle were 

experiments in which rations of . . jjjjn adjusted unUl 

In theory the quantities of food given could c be J 
the animals were in exact energy .’’“^Vn to calculate the 

found easier to allow them to make example, 

starch equivalent required to promote th g a 
m one expenment five oxen with an averag E retained 

given rations providing 9 75 lb starch equivalc P 7,^^ equivalent 
an average of 0 92 lb fat or 3950 kcal per y be 3950/1071 

needed to promote this energy retention was oaleulated to b^95^^ 

= 3 69 lb (since 1 lb starch promotes a storage of 1071 
9 75-3 69 = 6 06 lb starch equivalent was t'Omted 
Kellner’s approach can also be followed in feedi g 
animals are not kept in calorimeters gams or 

quantities of food energy, and their liveweights an used 

losses are measured The parution of energy mta . „ m two 
for maintenance and that used for hvewcight gain can feeding 

ways The more simple method involves the use of figures 

standards for hvewcight gam The alternative is to ana y 
for energy intake (/), liveweight (JF) and livcNveight gam \, ) 3 
equations of the form 

/ = a(F0«+fcG ^ 

The coefficients a and b then provide estimates of the 

food energy used for maintenance and for each unit of liveweign 

respectively This form of analysis can be extended to 

more than one type of production, such as dairy cows, by adding e 

terms to the right hand side of the equation 

The mam objection to determining energy requirements for main 
ance (and also for production) in this way is that hvewcight 
may fail to give a correct measure of energy balance It is possi » 
however, to put the method on a sounder ‘energy' basis by 
the comparative slaughter technique to estimate changes in the energy 
content of the animals The ‘ feeding trial ’ method has the consi er 
able advantage of estimating the maintenance requirements of anima 
when they are kept under normal farm conditions, rather than imder 
the somewhat unnatural conditions represented by a fast in a calon 
meter As discussed below, it is often difficult to translate values for 
fasting metabohsm into practical maintenance requirements 

The actitity of the animal and Us maintenance requirement In amma s 
kept under normal farm conditions the quantities of energy required to 
maintain energy equilibrium may well be greater than m animals kept 
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ia a calorimeter. In the first place, animals on the farm commonly 
use more energy for voluntary muscular activity. Secondly, farm 
animals experience greater extremes of climate and may need to use 
energy specifically to maintain their normal body temperature. The 
effects of climate on energy requirements for maintenance are discussed 
later in this chapter. 

Energy used for voluntary muscular activity is regarded as part 
of the maintenance requirement, and must be taken into account when 
values for fasting metabolism arc translated into allowances for main- 
tenance. The maintenance requirement of an animal on the farm is 
therefore composed of its fasting metabolism and an addition, known 
as the activity increment, for the extent to which its activity is greater 
than it would be in a calorimeter. The activity increment can be esti- 
mating directly, for example by measuring in a calorimeter the energy 
needed for walking on a treadmill, or indirectly, by comparing the 
fasting metabolism with estimates of maintenance requirement obtained 
in feeding trials when the animal is in its normal environment. 

The activity of an animal housed under farm conditions is likely to 
differ from that of an animal in a calorimeter more in degree than in 
kind. In particular, the farm animal may spend more of its time in a 
standing position. The extra energy needed for standing rather than 
lying has been investigated in calorimetric trials, but the results obtained 
have varied remarkably. For ruminant animals, however, the results 
suggest that heat production during standing is of the order of only 
12 per cent, greater than during lying, and since the time spent standing 
by the farm animal is unlikely to exceed that for the calorimeter animal 
by more than 6 hours, the activity increment of housed ruminants is 
presumed to be small. This conclusion is not very well supported by 
estimates of activity increment obtained by comparing fasting meta- 
bolism with feeding-trial determinations of maintenance requirements. 
Estimates obtained in this way range from 0 to 50 per cent, of the fasting 
metabolism. For non-ruminants kept indoors the activity increment 
is considered to be as much as 50 per cent, of the fasting metabolism. 

In grazing animals the maintenance requirement will be increased 
by the energy costs of locomotion and of the muscular activity involved 
in liarvesting pasture herbage. The energy cost of walking on the level 
is known to be a relatively small item in this account. Sheep, for 
example, require 0*6 kcal per kg body weight per km travelled, and so a 
50 kg lowland sheep, walking perhaps 2 km per day, would require 
60 kcal for this purpose (or about 6 per cent, of its fasting metabolism). 
Few estimates have been made of the energy expended by a grazing 
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animal m hnivcs.ing its food. 

might bn sufficient to increase the . s’^mation of the 

much as 20 per cent, of the fasting . ,„ny increment 

energy costs of its various activ.tiK suggests ^.mbohsm 

of alrazmg animal will be 25-50 per “f . estimates 

This ‘ theoretical’ range is again lower tha P of grazing 

obtained via analyses of the feed intakes and p 
animals Practical csumales have ranged f'”™ “ “ IW P= 

the faslmg metabolism and have mostly been greate , ^3,ed only 

It must be concluded that activity metabolism, 

imperfectly, and that the translation of values for ® “cements 
however accurately measured, into maintenance ^ ^ ,equire- 

must be somewhat inaccurate The errors involved m b^ng 
ments on fasting metabolism data will, howler, b ^^imals it 

keptunderconditionsofcloseconfmement Formoreac 

may weU be that ‘ practical ’ estimates of jesulung 

by analysis of food intake and of the animal pr ,l,e 

from it, will be more meaningful than standards estimates 

fasting metabolism, but it is doubtful whether such pra feeding 

can yet be obtained accurately enougb to justify tbeir u 
standards , m 

Present standards For cattle, the standard which has 
the United Kingdom for many years (Appendix Tables 7 an ' 
been that recommended by Kellner According to this an 
weighing 1000 lb should be given 6 0 lb starch equivalent pe 
for maintenance, from which allowances for animals of other wei 
are calculated on the basis of surface area The allowanre o 
animal of 7501b is therefore6 0x(750/1000)o 73 = 4 9 lb starch equi 
ent If 1 lb starch equivalent supphes 1400 kcal net energy l^r ma 
tenance, 6 lb supphes 8400 kcal Kellner did not measure 
metaboksm, but since his tunc the fasting metabolism of cattle of 1 
liveweight has been found to average about 8300 kcal per day 
years of age and 7000 kcal per day at and above four years 
figures are in reasonable agreement with Kellner’s standard (whic 
mcludes a safety factor), and therefore any new standard which is 
based on the fasting metabolism is unlikely to differ much from 
Kellner’s, as far as housed animal<t are concerned For grazing cattle. 
Wood m Rations for Livestock proposed that Kellner’s standard shou 
be increased by from 1 lb starch equivalent for good quality grazing 
to 3 lb for poor quahty While these additions are arbitrary, and 
perhaps too low, no belter ones can be suggested at the present time 
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For sheep, the standards originaUy used in this country were calcu- 
lated by Wood from the estimated starch equivalent intakes of housed 
sheep and their liveweights and liveweight changes. There is now 
evidence, both from further ‘practical* estimates of requirements 
and from determinations of fasting metabolism, that Wood's standards 
are too high for housed sheep, and lower values are given in Appendix 
Table 9. 

The energy requirements of growing pigs and poultry are normally 
stated for maintenance plus growth combined, and there are no stand- 
ards for maintenance alone. Laying hens are normally fed to appetite, 
although astandard for maintenance energy for them has been suggested 
by the Agricultural Research CounciTs Technical Committee on the 
Nutrient Requirements of Farm Livestock. This standard is based 
on analyses of energy intake, animal liveweight and production, and 
rises from 185 kcal metabolisable energy per day for birds of 1500 g 
to 370 kcal for birds of 3000 g. (This implies that the requirement 
varies directly with liveweight.) 

The Influence of Climate on Requirements of Energy for Mainfenatice 

Mammals and birds are bomeotberms^ which means that they attempt 
to keep their body temperature constant. Animals produce heat 
continuously and, if they are to maintain a constant body temperature, 
must lose it to their surroundings. The routes by which they may lose 
heat are by radiation, conduction and convection from their body 
surface, and by the evaporation of water from both their body surface 
and their lungs. The rate at which beat is lost depends in the first 
instance on the difference in temperature between the animal and its 
surroundings; for farm animals the rectal temperature, which is 
slightly lower than the deep body temperature, lies in llic range 36- 
43^ C. The rate of heat loss is influenced also by characteristics of 
the animal, such as the insulation provided by its tissues and coat, and 
by such characteristics of the environment as air velocity, relative 
humidity and solar radiation. In effect, the rate of heal loss is deter- 
mined by a complex interaction of factors contributed by the animal 
and its environment, but it is only tlic effect of air temperature which 
has been reasonably well investigated. For housed animals, of course, 
air temperature is the most significant feature of the environment. 

The animal must achieve homcothermy in the face of potential 
variations in both heat production and rate of heat loss, and it has only 
partial control over these variations. In general an animal will adjust 
to changes in its environment first by altering its rate of heal loss; only 
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it these measures are insufficient will it i c. fasting, 

us consider the case of a pig kept under basal ,p 14 1, 

resting and at a ‘ comfortable' air rLVi. the p.g 

Ime A) If the air temperature is l„at loss, pnn- 

mamtains its body temperature by As the fall m 

cipally by reducmg the circulation “f «hen the pig 

air temperature contmues, however, a stage i 



Heat Inaement 


Futlfig 


Fio 141 


Effect of enviconmental temperature on the heat production of the p 


can mamtara its body temperature only by mcreasmg its heat produc 
This increase might be achieved through the muscular activi y 
shivering The temperature below which heat production is incre^c 
is known as the critical temperature In Fig 14 I this is 20'* C ^ 
produced specifically to maintain body temperature represents an ex 
dram on the fasting animal’s energy reserves and must be regarded as a 
part of the requirement of energy for maintenance Thus we shou 
expect that at temperatures below 20® C a pig would need a higher 
energy intake to promote energy equilibrium than it would at higher 
temperatures In a pig given food (Fig 14 l,hneB),ho^veve^,thesltua- 
tlon IS rather different At the * comfortable ’ temperature of 25® C, 
heat production is greater m tlm fed than m the fasting pig because 
of the heat mcrement of the food This means that the air temperature 
can fall to considerably below 2(f C before the fed pig needs to shiver 
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and produce more heat. This lower temperature, 5® C m the example, 
IS sometimes known as the effective critical temperature. While it is 
obviously of greater practical significance tlian the cntical temperature 
recorded for the fastmg animal, even the effective critical temperature 
has Umitations as a guide to whether or not animals are likely to have 
their energy requirements increased by their environment. The 
effective critical temperature will vary with the quantity of food con- 
sumed and with the efficiency with which it is metabolised. In the pig 
it Will also vary from tune to time during the day, for the contnbution 
to total heat production of the heat increment of the food will be greater 
shortly after a meal than immediately before it, (In ruminants there 
will be less diurnal variation because absorption and metabolism are 
more continuous than in simpIe-stomached animals ) 

When one turns to consider the effect of the environment on the 
energy transactions of animals kept out of doors, where there are more 
variables, the situation becomes decidedly more complex The com- 
plexities are well illustrated by the experiments of K L Blaxter, who 
has recently shown that the effective critical temperature of Cheviot 
sheep fed at a maintenance level of nutntion vanes between —3 and 
24® C according to the length of their fleece (10-100 mm) and the wind 
speed to which they are exposed (0-15 mile/h) For sheep with a 55*mm 
fleece, tlie effective critical temperature was estimated to increase from 
1*C when there was no air movement to 16® C at a wind speed of 
15 mile/h. In sheep kept on the uplands of Bntam there is little doubt 
that the requirement of energy for maintenance is frequently increased 
by the environment, but it is difficult to assess the size of the 
luciease. 

In a cold environment the animaPs problem is one of conserving heat, 
but in a hot one iJic problem becomes that of disposing of the heat 
produced As air temperatures increase, less heat is lost by radiation, 
conduction and convection and more has to be dissipated through Uic 
evaporation of water Farm animals arc less efficient tlian Man m 
losing heat by evaporation from (he skin surface, and must often 
make the maximum use of the other route ofcvaporauvcloss. through 
the lungs Panting increases respiratory evaporative losses, but it also 
increases heat production and hence the maintenance requirement of 
Uic animal. If all efforts to keep body temperature constant fail, 
the rise m body temperature which results will itself increase heat losses 
by radiation, conduction and convection This is no safety vaUc, 
however, since a nsc m body temperature causes the rate of metabolism, 
and hence of heat produklion, to increase. 
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Protein Requirements for Maintenance . adequate, ration 

An animal placed on a nitrogen free, u nitrogen of the 

continues to lose nitrogen in Us faeces and enzyme and 

faeces, as desenbed earlier (Chapter 10) "ItiLe^^o eat. U 

cell residues of the digcsuve trad If the an, mal continues to 

must continue to lose nitrogen m this fashion . free diet 

It IS less obvious, perhaps. «hy an “'“^^^J'^rcepresents 
should lose nitrogen in its unne In part , 5 " bsequently 

nitrogen whieh has been incorporated into , , Thus 

expended, and whieh cannot be recovered by the ,s 

the creatme of muscles is eventually converted into 
excreted in the urine But the greater part of the nitrog n » 
of animals not receiving food nitrogen is (in mamma ) ^ 

urea, the typical by product of ammo acid 

ficance of this urea nitrogen was not fully appreciated rroteios 

with isotopically labelled ammo acids had shown . ^and 

of body tissues ate not static but are constantly being broKen oo 
replaced The turnover rate of body proteins vanes c 
from one tissue to another, proteins are replaced 
or days m the intestine and liver, whereas m bone and nerve ^ben 
may be one of months or even years The ammo acids enlace* 

body proteins are broken down form a pool from which the r p 
ment proteins are synthesised, a particular ammo acid molecu 
therefore be present one day m a protein of the liver, for examp 
the next day m muscle protein In effect the body proteins exc 
ammo acids among themselves Like the synthesis of body pro 
from absorbed ammo acids (Chapter 13), however, this 
traffic m ammo acids is not completely efficient Acids liberate ro 
one protein may fail to be incorporated in another and are katabo > 
their ammo groups thus yielding the urea which is excreted lO 


When an animal is first placed on a nitrogen free diet, the quan i V 
of nitrogen m its urme may fall progressively for several days be or 
stabilising at a lower level and when nitrogen is re mtroduced * 

diet there is a similar lag m the re estabhshment of equilibrium This 
suggests that the animal possesses a protein reserve which can be drawn 
upon m times of scarcity of dietary nitrogen and restored m tunes o 
plenty In times of scarcity, the tissues most readily depleted of protem 
are those m which the proteins are most labile, such as the h'et 
Depletion of liver mtrogen is accompanied by some reduction iQ 
enzyme activity, and the ‘ reserve protem ’ is therefore envisaged as a 
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‘ working reserve ’ which consists of the cytoplasmic proteins them- 
selves 

Once the reserve protein has been depleted, the urinary nitrogen 
excretion of an animal deprived of food nitrogen reaches a minimal 
and approximately constant level (This level will be maintained only 
If energy intake is adequate, for if tissue protems are katabohsed 
Specifically to provide energy, urinary nitrogen excre ion w 
agam) The nitrogen excreted at this minimal j 

endogenous urinary nitrogen, and represents the sma es o 
nitrogen commensurate with the continuing existence o le 
The endogenous urinary mtrogen excretion can 
estunate the nitrogen (or protein) required by t e amnia 
tenance It is analogous to the basal metabolism, and in fact there s a 
relationship between the two The 

mgendogeLusurinarymtrogenperkcalbasalmetabohsm Endogeno^ 

urinary nitrogen excretion, like basal metabolism, is consi e 
not with hveweight itself but with metabolic hveweight J 
When mtrogen is re-introduced into the diet, the quan i V 
excreted in the urine increases through the wastage <>f ^ 

incurred in utilising the food protein Unnary ni rogen i 
endogenous portion is known as the exogenous urinary nitrogen This 
name implies that such nitrogen is of food origin as “PP^ ^ to body 
origin, but, with the exception of the creatinine 
genous portion, it is doubtful whether such a s ric i i . g. 

nitrogen IS justified It is more realistic to regard ° 

genous fraction as the extension of an existing ° reflects simply 
than as an additional source of loss, for it probably reflects simply 

an increase in turnover and wastage of ammo aci s _,,nienance is 
The quanuty of nitrogen or of protein required 
that which will balance the metabolic faecal and “dogc"ous 
losses of nitrogen (and also the small dermal 
m scurf, hair and sweat) The two most 

for estmiatmg this quantity are analogous to those us d « 

the quantity of energy needed for mamtenance The first, anajogous 
to the determination of the fasting a o i , 
the animal’s losses of nitrogen when it is e balance these 

and calculating the quantity of food nitrogen 77„"cq mred 

for cstimatms mainlcnancc energy rcquircmcnis (p - ) 
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Es„maimg proum requirements 

urinary and metabolic faecal j- measurement of endogenous 

measurement of fasting kalabolism. considerable practical 

unnary and metabolic faecal nitrogen P nitrogen free diets, 

difficulties Animals show a disinclmatio ‘„„s„,ucnts of such 

and in ruminants the microbial digcsU needed 

diets IS often impaired In addition 

for urinary mtrogen to reach a minimal and eo^tan les ^ 

Once they are obtained, values for nitrogen (■ manner 

laled into requirements for P™“"" -p lOOOlbhveweight, 

Suppose that the animal to be considered is “ wth 

and that Us output of metabolic faecal nitrog . . q 5 p, pi per 

dry matter mtahe (see Chapter 10). has been found to bc^O a 
100 lb food dry matter Suppose also that endeseno 
amounts to 0 023 lb per day If the cow ate 25 lb dry matter pe 
the net requirement for protein would be 

6 25 (25/100 x0 5+0 023) 0 92 Ib/day 

To convert this Dgurc into digestible protein we pg 

account that absorbed protein is not utilised with value 

cicncy The efficiency of utilisation is expressed in the oioio^ 
of the protein, which for ruminants is frequently assume is 

much from 70 per cent The above net requirement o p 
therefore converted into digestible crude protein by mu p y 
100/70 

0 92x 100/70 = 1 31 Ib/day 

Now, as metabolic faecal nitrogen has already been taken 
the requirement of 1 31 lb is for fnly digestible protein Mos 
given m tables of food composition are for apparenuy 
protein, and we therefore convert the requirement into app 
digestible protein by deducting the metabolic faecal protcui 
1 31-6 25 (25/lOOxO 5) = 0 53 Ib/day 
The steps by which this requirement for digestible crude protein 
obtained are summansed m the equation 


i? = 6 25 {100/B(Afxi)+£)-3/xD}, 
where R — requirement of digestible crude protem OWday), 

B = biological value of food protem (per cent), . 

M = mctabolicfaecalmtrogcnOb/lOOlbfooddrymatterinta «;> 

D = dry matter mtake (100 ib/day), 

E = endogenous urinary nitrogen (Ib/day) 
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The reason for including metabolic faecal nitrogen in the first stage 
of the calculation and then subtracting it when converting truly o 
apparently digestible protein, is to allow for the wastage of ammo acids 
incurred m tlie synthesis of metabolic faecal protein Thus it is assumed 
that, for each 1 g of metabolic faecal protein excreted, the animal 
must absorb and metabolise 1 x 100/70 = 1 43 g 
Metabolic faecal protein is an important item in deteriMmg t 
protein requirement of the ruminant It should be no e a 
requirement is stated m terms of digestible protem it will vary wi o 

intake If the cow m the example above were fed on a more concen- 
trated diet, and ingested 20 and not 25 lb dry matter per day, its Kfid're- 
ment would be only 0 48 lb digestible crude protein per day i“‘ead “ 
0 53 lb In order to avoid this comphcating effect of food int^ , 
protem requirements are sometimes expressed as available protem e 
requirement of available protem for maintenance is calculated by 
omitting metabolic faecal nitrogen entirely from the general equation 
given, immediately above This leaves 

6 25x100/BxE 

If feeding standards are expressed as available protein, then ‘he Pro‘«“ 
values of foods should be stated m the same terms The available 
protein content (per cent of dry matter) of a food is its d-SesUble crude 
protem content less that protem wasted in the synthesis of metabohe 

faecal protein, i e less 6 25 (mx >5^) Alternatively, standards 

may be expressed initially as available protem and tlien 
digLtible crude protem for specific ratiomug 

intake, and hence metabohe faecal nitrogen excre lo , nrotein 

As wiU be shown later, this factorial method for estimaUng protein 
re^ir— tn also be used to dete^ne 
ductive animals /he "lethod is toed on so p 

someumes yielded vatos 

methods, being f //“y basic data used m factonal calcu- 

lation’s tTltoS^ X ‘L endogenous unnary and metabohe 
fS nitrogen are'not the ‘constants' they are often considered 

protem requirements from nitrogen balance trials If 
anmiTare fed on a number of rauons which supply equa amounts of 
a ,nd energy, but varying amounts of protein, Uieir nitrogen 

b« -“be erp^ed to form acurve of the type shown m Fig 14 2 



230 animal nutrition 

As nitrogen intake increases from a tow 

uon in the negative balance until the pom q promote 

The extent to which further and the supp^^ 

mtrogen storage will depend on the E reached, however, when 
of other nutrients A stage is ^ f nitrogen retention, 

further rnerements of protein fail “> may store 

and the curve then becomes horizontal Mature 



r*«htIon which 
to the inlm*' {‘*® 


Fig 14 2 Stylised lepresentatioo of the assessment of protein requirement 
maintenance by means of nitrogen balance tnals 


very little nitrogen, m which case the curve will become horizon 
at a mtrogen balance close to zero (the lowest horizontal me i 

When maintenance protein requirements are determined m nitrog ^ 
balance trials, sufficient nc^tive and positive balances are o 
by using rations supplying different quantities of protein, ® 

Imes like those of Fig 14 2 to be constructed Care is nee e 
mterpreting positive balances, smee these may be represented by P® 
on the horizontal part of the curve A further difficulty to be borne ^ 
mind IS that the protein intake required to promote equilibrium 
depend to some extent on the previous nutrition of the animals 
the ammals are well supplied with reserve protein, a higher intake wi 
be needed to maintain equihbnum than if their reserves are deplete 
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Present standards. Although sufficient 
bolic faecal and endogenous urinary nitrogen losses or , 
requirements to be calculated for most ' cows, 

for maintenance protein are used only in the feeding o main- 

For other classes of stock, protein standards arc expresse , , j 
tenance and growth combined, and a discussion o ic 
until later in this chapter. For dairy cows the s an a nrotcin 
United Kingdom for many years was 0-65 lb jjand- 

per day for a cow of 1000 lb liveweight. This is iig i 
ards used in other countries, and the value now advocated is 0 6 lb 
digestible crude protein per day for a lOOO-lb anima . 


Feeding Standards for Growth, Fattening and 
Wool Production 

Growth in farm animals is most growth is as 

increase in liveweight.* The typical pattern of hveweight g 
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Shown in Fig. 14.3. During the foetid ’’irdwtou' 

puberty the rate of growth accelerates, ^ lied, 

and teaches a very low value as the mature weight is pp 

final •'*1^* “ 
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Animals which are growing do not simply increase in size and weight 
— they also show development. By this we mean that the various parts 
of the body grow at different rates, so that its proportions change as 
the animal matures. Such developmental changes can be demonstrated 



(a) Growth rates of the tissues. 



(6) Composition o( the carcass at \anous ascs. 


Fjo. 14.5. A£c chanscs in Use composition of the pig carcass. (After C, F. 
McMccVan, 1940. J. agtie. Sci. iO, 216.) 
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by slaughtenng animals at d'emed in 

themmtotheirvanousjomts Fig 14 , relatively 

shows that in bacon pigs the Ihor^ lom “ f progressively 
faster than the head, neckandshonlders,whichthusforoap^^^^^ 
smaller proportion of the carcass as portions of the 

Developmental changes also occur m the rclaliv p P ^ 
major body tissues The pig carcass^ p,g 14 5 

dissected into their various Ussues, with the resu ommal 

In the young pig growth is largely m terms of muscle. 

Tabus 14 3 Body Compoiilion el lambs Slau^lcred at ^d twOT tbi AgM , 

calculated Composition ot the Uvewtight Gams of ^Bs Ml 111 

(Based on data given by H H MitcheU, W G Kammiade and T S Hamil 
agric Exp Stn,Uo 314) 

. Energy 

(!Ki etf 


Composition of lambs 
slaughtered at about 
5 months old 
Composition of lambs 
slaughtered at about 
10 months old 
Composition of gams 
Percentage composition 
of gams 


Lwe 

weight 

m 

38 5 

tVaier 

39 14 

Crude 

protein 

9 59 

Ether 

extract 

6 96 

Ash 

2 35 

Calcium 

0 67 

of body 
(AfcflO 

52 35 

86 7 

48 86 

13 43 

19 16 

3 22 

0 72 

11210 

28 2 

9 72 
36 5 

384 
14 4 

12 20 
45 8 

0 87 

3 27 

0 05 

0 19 

59 75 
2244* 


• kcal/lb 


matures there is a remarkable increase in the fat content of the carca^^ 
These changes m tissue proportions with age are accompanied, as o 
would expect, by changes in the chemical composition of the an 
body As an animal increases in weight its proportions of protein, 
ash and water decrease and its proportion of fat increases It follows 
that the composition of gains made by animals will change as they grow, 
and therefore that the nutrients required for each unit of gam wi 
differ m quantity according to the degree of development of the animal 
The composition of hveweight gams The composition of the gams 
made by animals during various stages of growth can be deterrnmed 
by the comparative slaughter teduuque described m Chapter lU 
and an example of such a determination is given m Table 14 3 lo fb® 
experiment from which this example is drawn, a group of lambs were 
killed at an average liveweight of 58 5 lb, and their bodies analysed. 
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A comparable group were fed until their average liveweight reached 
86*7 lb, and were then killed and analysed in the same manner. The 
quantities of protein, ether extract eta stored by the second group while 
growing from 58*5 to 86*7 lb have been calculated by assuming that at 
the lower weight these lambs had been similar in composition to those 
slaughtered in the first group. 

The composition of gains made by several species is shown in Table 
14.4. As an animal ages the general tendency is for there to be a pro- 
gressive decline in the water content of its gains, a slight fall m protein 

ABLE 14 4. Percentage Composition and Energy Content of the Gams made by Animals 
various Ages and Liveweights 

faken from H. H. Mitchell, 1962, Comparative Nutrition of Man and Domestic Animals, Vol. 

Academic Press, New ybrfc and London) 

Composition of gam 



Live- 


Water 

Protein 

Fat 

Ash 



height 


(per 

(per 

(per 

(per 

Energ 

Ammal 

m 

Age 

cent ) 

cent ) 

cent ) 

cent,) 

(kcal/j 

'owl 

OS 

4 4 weeks 

69 5 

222 

5 6 

39 

149 

(V^ite Leghorn 

1 5 

11 5 „ 

61 9 

23 3 

86 

3 7 

2 39 

pullets— slow growth) 

3 0 

22 4 „ 

56 5 

14 4 

25 1 

2-2 

3 07 

heep 

19 

6 0 months 

57 9 

15 3 

24 8 

22 

3 32 

(Shropshire ewes) 

7S 

11 3 

48 0 

16 3 

32 4 

3 1 

3 94 


131 

24 7 „ 

25 1 

IS 8 

52 3 

63 

4 97 

*ig 

50 



39 

12 7 

46 

29 

5 03 

(Duroc- Jersey females) 

100 

— 

38 

124 

47 

28 

5 11 


250 

— 

34 

)1 0 

52 

24 

5 58 

7ow 

150 

1 3 months 

67 1 

190 

84 

_ 

1 87 

(Holstein heifers) 

500 

10 6 „ 

59 4 

165 

139 


2*72 


1000 

32 4 „ 

55 2 

20 9 

18 7 

— 

2 95 


content and a marked rise in fat content. These changes lead to a rise 
in the energy content of each unit of gain. The term * fattening * is 
used in agricultural practice to desenbe the later stages of growth, 
but it is misleading to think of muscle and bone growth occurring as a 
separate and earlier phase. The gains of young animals almost in- 
variably contain some fat, and tJiose made by older animals only come 
to consist entirely of fat when an advanced stage of maturity has been 
reached. (Of the energy retained by Kellner’s 1500-lb steers, for 
example, about 10 per cent. >Aas in the form of protein.) All meat 
animals are considered to base r^cbed a marketable size long before 
their gams come to consist of fat alone. 
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Most information on the composUion of 
obtained with animals growing at what 

rather slow rales There is ve^ '“““’"^Xa ^“weight increase of 
the composUion of gams made by catlle slaughter 

more tliL 2 lb per day or by chicks {^“Xmded »v.den« it 

at an average rale of 30 g per day From nrowing ammals 

appears that at a given livcweight the gams of f f ®,e,a and 
coLin a higher proportion of fat and lower contents P 
water than those of ammals growing more slowly. ms 

There is a shortage of information also on ‘ J from 

made by individnaU whose growth curves X' Ximiat is unLaUy 
the curves characteristic of their species. If an ^ 

heavy for its age, for example, will the composition 8 

characteristic of an average (and older) ammal of Ih mtive 

or of one of the same age? From hroited evidence agam, 
conclusion is that the composition of gams is determned 
weight of the animal and its degree of development than by i 


Energy Requirements for Growth 
Ruminants The most compre 
position of gams m cattle was the 
ID which animals were reared at t 
i lb, 1 lb and i lb liveweight ga 
between 1 month and 4 years 
The results of this mvesUgation have been re analysed on se 
occasions, and some figures from the latest analysis are given in a 
14 5 These show, first, that the energy retained per umt of gain 
creases as the ammal matures, and second, that at a given age a 

growinganimalretainsmoreenergy jwrumtofgamthanaslow gro ^ 

one (although this difference is less if the comparison is made a 
given weight rather than a given age) Feedmg standards for j. 
in cattle are based on the results of the Missouri mvesUgation and o 
others like it, but they have also been influenced by the results of other 
feedmg trials m which only liveweight gams w ere measured 

Standards based on those which have been used m the Umted KiDS" 
dom for many years are shown m Appendix Table 8 The columns o 
this table headed ‘ Slow growth * are appropriate for beef cattle growing 
relauvely slowly for two years and then bemg fattened rapidly, and they 
are applicable also to the reanng of dairy heifers Other columns give 
tentative standards for faster growing ammals gainmg an average o 
about 2 lb per day If these standards are compared with the results 


hensive mvesUgation of the com- 
Missoun ‘ Use of feed » experiment, 
hree rates of growth (approximately 
,m per day) and slaughtered at ages 
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of comparative slaughter experiments, by assummg that an allowance 
of 1 lb starch equivalent promotes the retention of 1071 kcal, the 
standards appear rather generous For example, an animal of 600 lb 
gaimng 1 lb per day is considered to require 1 85 lb starch equivalent 
per lb of gam, which implies a retention of 1071 x 1 85 = 1981 kcal 
per lb of gam In the Missouri experiment, however, similar animals 
were calculated to be stormg only about 1540 kcal per Ib of empty 
body gam or approximately 1350 kcal per lb of hveweight gam (The 

Table 14 5 The Energy Content of Gams in Empty Body Weight * made 
by Cattle growing at Different Rates (kcal/Ib) 

(Calculated from the data of C R Moulton, P F Trowbndge and L D Haigh, 
Res Dull Mo agne Exp Stn, No 55, 1922, by K L Blaxtcr m The Energy 
Metabolism of Rumtiiants,\SS2tp 169 Hutchmson, London) 




Growth rate 

A 


^ge of animal (jnonths') 

Fast 

(c lilb/dsy) 

Medium 
(c I Ibjday) 

Slow 

(fi i lb f day) 

3 

1360 

1090 

860 

6 

1500 

1180 

910 

9 

1680 

1320 

1000 

12 

1860 

1500 

1040 

IS 

2270 

1630 

1320 

24 

2680 

1900 

1450 


* The energy content of gains m hveweight would be about 15 per cent less than 
the values shown m this table 


latter figure is lower because hveweight gam includes gut contents ) 
For sheep the information available on the caloric content of hveweight 
gams IS more limited even than that for cattle Appendix Table 9, 
part 2, gives the standards from Rations for Liicstock^ which arc based 
mainly on data from feeding trials 
Pigs Feeding standards for pigs, unlike those for ruminants, do not 
normally include values for the dietary energy needed for each unit of 
growth at different ages or weights The reason is not that Uic basic 
information on the energy content of gams is lacking, but rather 
that pigs are not rationed to induce a particular hvcw eight gam per day, 
as ruminants frequently arc. The ^sic aim in rntionwg pigs is to 
encourage the fastest possible rale of growth that can be obtained 
without cxccssiNC deposition of fat The fastest growth is achieved 
by allowing the pigs to cat to appetite, and some tjpes of pig can cat 
to appetite from birth until slaughter at * bacon weight * (200 Jb} 
without la)ing down too much fat. WiUi most pigs, however, food 



23 g ANIMAL NUTRITION 

intake must be restricted ‘*“""8 8^°"* Fe=‘i">S 

or even 50 lb, if a sufficiently ho quantities of 

scales have therefore been devised “le would allow 

food to be given at different liveweiglits yP , eweight and 

the pigs to eat to appetite until *8-=^ ^ nonld be 

were eating 5 lb of meal per day, cr hing 6i lb of mea' 

restneted to about 80 per cent “f “Pf “ ^“^“/doiin the rate of 
200 lb hvetseight Such restriction of intake sb 
growth, but It reduces the fat content of the carcas 
carcass more acceptable to the bacon cuter . ^ 

When feeding scales are used, it is ® powth, and 

than restriction of protein or other nutrients ^Ih and 

therefore the scales ate, in a sense, energy „f meal 

mamtenance combmed Although expressed “ 8 j. j,gKtible 

they could vnthout difficulty be he scales wiU 

or metabolisable energy It seems likely that m 
be expressed in terms of digestible energy, which 
be applied to diets unusually low or high m energy conce . „gmg 
Poultry With the possible exception of e and 

(see Chapter 15), growing poultry are normally fed to app > 
feeding standards for them are therefore expressed, not , . --qJix 
of nutnents, but as the nutrient proportions of the diet t. PP 


Table 11) i i » H to the 

The quantities of food eaten by poultry are inversely rela 
concentration of energy m their diets A bird changed from a 
high to one of low energy concentration responds by eating mo 
the latter In effect, it attempts to maintain its energy mtake a 
former level Poultry, together with other non rummants, are so 
times said to ‘ eat for calories % that is, to adjust their food inta ^ 
that their energy intake is kept at a constant level The_nianne 
which chicles respond to diets of differing energy content is illustra 
m Table 14 6 In the experiment these results are taken from, a norm 
diet containing 975 kcal productive energy (or about 1430 kcal meta o ^ 
isable energy) per lb was ‘ diluted ’ with mcreasing proportions o 
low energy constituent, oat hulls The most diluted diet had an 
concentration which was only half that of the ongmal (and 
was much lower than the range normally experienced by chicks) 
The chicks responded by catmgup to 25 per cent more food, but even so 
energy mtake declmed by up to 29 per cent If the energy content of a 
diet IS increased by the addition of a concentrated source of energy 
such as fat, chicks respond m the opposite way They eat less, bu 
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the reduction in intake may be insufficient to prevent a rise m energy 
intake Such differences in energy intake may have little effect on the 
magmtude of the liveweight increase but have a marked influence on 
the composition of the increase (Table 14 6) 

The influence of the energy concentration of the diet on the quantities 
of food and of energy ingested extends also to intakes of nutrients other 
than those supplying energy If the energy content of a diet is mcreased 
without change in the concentration of, for example, protein, and birds 

Table 14 6 The Effects of Reducing the Energy Content of the Diet on the 
Food and Energy Intakes of Chicks and on their Growth 
(After F W Hill and L M Dansky, 1954, Poultry Set , 33, 112) 


Diet No 



1 

2 

3 

4 

^ 

5 

Energy content of diet 






Productive energy O^cal/lb) 

975 

858 

741 

623 

505 

Metabolisable energy (kcal/Ib) 

1430 1260 IlIO 

970 

sto 

Metabolisable energy (per cent of diet No 1) 

100 

89 

78 

68 

57 

Performance of ducks to ll y\eeks of age 






(per cent of result for diet No J) 

Total food intake 

100 

101 

113 

117 

125 

Total metabolisable energy intake 

100 

50 

88 

SO 

71 

Liveweight gam 

100 

99 

102 

93 

08 

Eat content of carcass at 11 it eeks of age 






{per cent of dry matter') 

(Male chicks only) 

26 8 

23 2 

21 1 

18 1 

16 1 


begin to cat less of the diet, then although ihcir energy intake may 
remain approximately at Uic former lc\cl, their intake of protein will 
fall The birds may then bo dcilcicnt in protein To generalise 
a nutrient concentration which is adequate for a diet of low energy 
content may be inadequate for one richer m energy It follows that 
feeding standards stated as nutrient concentrations arc saiisfactoiy 
only when applied to diets with a particular energy conccnlntion 
The standards of Appendtx Tabic II apply to diets containing 2 8 
Meal metabolisable energy per kg (1270 kcal per Ib), and need to be 
adjusted for diets containing more or less energy Sonic adjustments 
arc discussed bier in this chapter (p 244) 

Prolcm Riijtiirafunrs/or Gron/A 

Huitu/toitrs In feeding stand irds for growing animals, protein 
requirements for growlh arc usually incorporated into a single saluc 
for maintenance and growth combined The factorul rrcthod of 
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calculating protein requirements ran Ss Mem for fbe 

value by ineluding m the last equation shown on p 2Z 
nitrogen stored by the animal This terra can be obtaine 
comparative slaughter trials The equation then becomes 

R = 6 25 {100/B(A/xB+£+G)-f'f>‘^)’ 

where G is the nitrogen storage (and the j 

on p 228) For example, m the Missouri Use ^ t„ 

cattle of 800 lb liveweighl gaming about 1 ,ght gam 

store 0 15 lb protein (0 024 lb nitrogen) m each 1 f J„te 

Asteer of this weight consuminglSlb dry matter perdy 

0 020 lb endogenous urinary nitrogen per day . . jvalue 

faecal nitrogen for each 100 lb food dry matter I niminants 

of Its food protein is assumed to have the average val c 
of 70, then its requirement of digestible crude protein f 
plus 1 lb of hveweight gam per day would be calculated as tou 


i? = 6 25(100/70 (0 5 x 0 15 +0 020 + 0 024)-0 5 xO 15} 

= 0 59 lb DCP per day 

As mentioned previously, factorial estimates of protein g 

often fail to agree with those determined m other ways Pro ^ 
quirements may also be assessed from the results of feeding n 
which animals are fed on rations supplying diffenng amounts ° ^ 

and their responses measured m terms either of hveweight gam o 
nitrogen retention In such trials rations supplying equally ^ 
quantities of energy minerals and vitamins, and varying hut m 
restricted quantities of protein, are compared, the minimum pro 
level givmg maximum growth or mtrogen retention is taken as the e 
mate of the requirement An example of such a nitrogen balance n 
IS shown in Fig 14 6 Calves were fed on rations supplying from 
to 230 g digestible crude protem per day, and maximum nitro^n 
retention was achieved with a imniraum intake of about 190 gdigesti e 
crude protem per day 

For many years the k^ figure in the standards for cattle given m 
Rations for Livestock has been I 5 lb protein equivalent per day 
ammals of 840 lb or more and gaming around 2 lb per day , this is 
equivalent to about 1 7 lb digestible crude protem per day It is abou 
twice as high as factonal es timates of requirement, and has been 
criticised m recent years The standards given at the end of this boo 
(Appendix Table 8) are those which were suggested by J H B Rny 
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at a conference on feeding standards held in 1958 (see ‘ Further Read- 
ing * at the end of this chapter) They are based mainly on the results 
of feeding trials and are much lower than the Rations for Livestock 
values, but they are still higher than those calculated factonally Thus, 
the daily requirement of an 800 Ib animal gaming I lb per day was 
earlier calculated factonally to be 0 59 Ib digestible crude protein, 
whereas the value given in Appendix Table 8 is 0 90 Ib 



100 III ISO 17$ 200 22$ 

Intake of 4 (eit Me crude prole n ^ /da/) 


Fig 14 6 DetermiDias the protem requireoicots of calves of 1 10 lb Uvewcight and 
gaming about 0 S lb per day from tbeir nitrogen balance (Plotted from the results 
ofF G Whitelaw, T R Preston and R D Ndumbe 1961 Antm Prod 3,121) 

Some of the disagreement between * theoretical * (factorial) standards 
and ‘ practical * ones may be due to the influence of the protein content 
of the diet on its acceptabihty to the animal Diets containing theor- 
etically adequate quantities of protem may prove inadequate m 
practice if their protein content is so low as to make them unacceptable 
to the animal If food consumption is less than anticipated, then in- 
takes not only of protein but also of energy and other nutrients become 
msuflicient to produce the growth expected Unfortunately the con- 
necuon between the protem content of diets and their acceptability 
IS not fully understood Wlulc a low protein content may alTcct 
* palatability ^ meaning the taste of the food, it may also reduce the 
cflicicncy of digcsUon ui the rumen and so retard the rate at which food 
can be dealt with by the digcstisc tract* 
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P,gs and Poultry In addition to a ”“j„["foMon’or”o 

ruminant animals have specific dietary req experiments 

essential ammo acids During the ^ “.eoLements for 

have been carried out to detcnnine tendency for 

essential ammo acids, and there is no peetein to be supple- 

feedmg standards expressed in terms of total p 
mented by standards for all or some o e rjnited Kmgdom 

the standards for poultry recently publishc in Xable 11) 

by the Agricultural Research Conned (see Append'X T^b^^^ ^ 

requirements for essential ammo acids alone, it bei 8 sufficient 

diet which supplies adequate amounts of these will p 
total protein For pigs, however, a requirement for P 
still stated (Appendix Table 10), since the requirement of thi P 
for essential anuno acids are probably less well established than 
those of the chick deter- 

The requirement of pigs for total protein f contents 

mined from feeding trials where diets with different pr 
are given and growth is measured The requirement is ® ^5 

form of the percentage of crude protein needed in the diet, 
that, if It IS to be equally appbcable when differing diets j 

efficiency with which food proteins are digested and utilised s , 
vary much from one diet to another For the diets most 
given to pigs the protein digestibility is probably reasona y 
slant, but there is unlikely to be such uniformity in the e . 
with which absorbed ammo acids are utilised As shown 
biological value of protein vanes considerably from one foo 
another, that for fish meal (80), for example, being considera 
higher than that for the vegetable protein concentrate, groun n 
meal (60) While the range in biological value for mixed diets 
narrowed by the complementary effects due to mixing protems, i i 
unlikely that rations based respectively on fish meal or groundnu 
meal and supplymg equal quantities of crude protein will also be equa 
in respect of the ammo acids they provide 
There is therefore a danger that standards devised from diets whose 
protein was, perhaps, of average biological value, will be too low for 
apphcaiion to diets contai nin g poorer quality protein and excessive for 
those with better quality The greater danger of there being insufficient 
protem may be avoided by setung the standards high, at a level appro- 
priate to diets of poorer quality protem, and this in fact is what has 
often been done A common standard for pigs from 50 to 100 lb 
liveweight is 18 per cent crude protem m the diet, but it has been shown 
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that if, as is usual, the diet contains the good-quality proteins of fish 
meal, a level of 14 per cent, crude protein is ad equate. 

Standards expressed as total protein alone are therefore of only 
partial value in the feeding of pigs (and poultry) unless there is some 
stipulation as to the protein quality of the diet. In pig diets, protein 
quality is often limited by deficiencies of one or two of the essential 
amino acids, and if standards for total protein are accompanied by 
standards for these acids, they become much more meaningful. In 
addition, qualifying a standard for total protein by stating that certain 
proportions of it must be in the form of these critical amino acids 
may allow the standard to be set at a lower level than formerly. 

The requirements of pigs and poultry for essential amino acids. The 
requirement for an essential amino acid is assessed by giving diets 
containing different levels of the acid in question but equal levels of the 
remaining acids, and measuring growth or nitrogen retention. Diets 
differing in their content of just one amino acid may be prepared from 
foods naturally deficient in it, to which are added graded amounts of 
the pure acid. Fig, 14,7 shows the outcome of an experiment with 
chicks in which a diet low in lysine was supplemented in this 
way so as to give diets ranging in lysine content from 0’7 to 1*4 per 
cent. The lysine requirement of the chick was concluded from this 
experiment to be !•! per cent, of the diet. In other experiments it has 
been found more convenient to use synthetic diets in which much or all 
of the nitrogen is in the form of tlie pure amino acids. 

Standards for the essential amino acid requirements of chicks, 
turkey poults and young pigs have now been devised, and some of 
these are given in Appendix Tables 10 and 11. At present they must 
be regarded only as approximate standards, for there are considerable 
complications to defining requirements for amino acids. Thus require- 
ments are influenced by interactions among the essential amino acids 
themselves, between essential and non-essential acids and between 
amino acids and other nutrients. For chicks, the requirement for 
glycine is increased by low concentrations in the diet of 
methionine, arginine or B-compIcx vitamins. Interactions may 
be due to the conversion of one amino acid into another. If cystine is 
deficient in the diet it is synthesised by the animal from methionine; 
the requirement for metliionine is therefore partially dependent on the 
cystine content of the diet, and the two acids arc usually considered 
together. Phenylalanine and the non-essential acid, tyrosine, have a 
similar relationship. 

Further complications are introduced by relationships between 
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amino acid requirements and ^^ang^rntnergy content, 
K the latter is altered to compensate p ^ methiomne 

fhen the ammo acid "Xn lo total protem, and 

the requirement appears to bear requirement 

'X;nr:S itSs^the — able energy content cl 



Fio 14 7 Growlh ol clucks eiventeuconUiMgdOT 

levels of lysine (Plotted from the data of H 
L C NomsandG F Heuser 1956 Foa/Iry Set 35. 565 1 


chick diets is 1300 kcal per lb, the requirement for lysine is 1 P« 
of the diet, but when the former increases by 25 per cent o 
the latter increases by only 20 per cent to 12 per cent o ^ ® ^cid 
Some sort of check can be applied to values for essentia a 
requirements by comparing them with the ammo acid composi 
tissue proteins The companson cannot be expected to give co 
agreement in respect of the relative ammo acid proportions o 
and of tissue proteins, if only because ammo acids are require 
purposes other than the growth and maintenance of the latter 
so. Table 14 7 shows that for about half the essentim 
acids the agreement is quite close For the remainder it is less ^ 
but the apparently lowrcquircments for argimne and ^yane by the c 
can be cxplamed by the limi ted amount of synthesis of these n 
which IS undertaken by the body 
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The apphcatiou in feeding practice of standards for as many as ten 
r eleven ammo acids is likely to be rather laborious How necessary 
> It. then, to consider all of them when devising diets for pigs and 
loultry? In theory there is almost unlimited scope for adjusting the 
iroportions of dietary constituents (including synthetic acids) unw 
ssential amino acid contents of the diet exactly equal those eman e 
ey the standards In practice it is usually found that the ammo acid 


TABU! 147 A Comparison of the Essential Ammo Acid ^ 

Tissue Proteins of Chicks with their Dietary Requirements for these Acios 


Ammo Acid 


(g ammo acid per 100 g protein) 


' Proportion of Proportion of 

tissue proteins* dietary proteins t 


Arg inin e 

Histidine 

Isoleucloe 

Leucine 

Lysine 

Methionine + cystine 

Phenylalanme+tyrosine 

Threonine 

Tryptophan 

Valine 

Glycine 


6 71 
1 96 
412 

6 63 

7 46 

3 51 
643 

4 02 
0 77 
6 72 
10 09 


60 

1 75 
25 
75 
50 
3 5 
60 

2 75 
0 75 
40 
50 


* H H Williams era/, 1954,7 bio/ Chem, 209, 111 from the 

t Calculated on the basis of a diet conlauiing 20 p L nremme The 

requirements suggested in Appendix Table tmnal Research Councils 

value for argminc has been take from the United States National Research 

standards 

mixtures provided by the diet are out of proportion, and 
efficiently utilised, because one or two ammo acids are vary markedly 
deficient In consequence, the degree of success 
the standards depends particularly on whether or not the 
of these ‘ limiting ’ ammo acids are met By comparing q 
for ammo acids with the ammo acid contents of typica ^ 
shown that for pigs the acid likely to be most deficient s ly^'“ 
chicks the ‘ firsuLiting ' ammo acid is m°st commonly methionine, 

although lysine and perhaps arginine may ako^be^^^^^^ 

In practice therefore it may be suflici and second, 

pigs and poultry contain, first, ® if^cly to be deficient 

adequate contents of those ,t 3,,ou,d be remembered 

When this s'mphfication IS made, h oPt.n teen 

that, for pigs at least, standards lor i 
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set high in order to be adequate for 

re.fo7d,ets.uostdenaenu.tthemo^ftequently^ 

If more attention is paid to these ami . ^to prominence 

standards for total protein will be liMy to be near 

other ammo acids which are not at present g 
the borderline of adequacy. 

mnrnt Requirements for Wool considerably from one 

The weight of wool produced by ™ an example 

breed to another, and an average value / jcsenung the 

For an example we shall take a f ^ " gcece would 

annual production of a sheep weighing „„ 2 ib being wool 

contain about 5 lb of actual wool Bbres *=^“310 S 
wax, sumt and dirt Wool wax is produced ^ aebaao ^ 
and consists mainly of esteis of cholesterol an gmnt, 

acids normally found in glycendes f of inorganic 

the secretion of the sudonferons glands, L5 

salts, potassium soaps and potassium salts of lo 1 ^„atin 

The wool fibres consist almost entirely of the Pto'™' 

To grow in one year a fleece contaimng 5 lb of protem a sh«P w 
need to deposit daily an average of about 6 g P'“'““ ^ ' ?„„bouts 
It this latter figure is compared with the 8 g mtrogen 0 
which a sheep of 140 lb might lose daily as endogenous un ly 
metabolic faecal nitrogen, it will be seen that in P^®P° cnrwool 
requirement for raaintenance the sheep’s nitrogen requireme 
growth may be quite appreciable These however 

tell the whole story, since the eflaciency with which abso 
acids arc used for wool synthesis is likely to be much less than 
which they arc used for maintenance Keratin is characterise 
high content of the sulphur containing amino acid, cystine, 
although not an essential ammo acid is synthesised from the esse 
acid, methionine The efficiency with which food protein can e c 
% cried into wool is therefore likely to depend on their 
proportions of cysUnc plus mcthionmc Keratm contains 10- P 
cent of these acids, compared with the 2-3 per cent found in p ^ ^ 
proteins and m the microbial proteins synthesised in the rumen, an 
so the biological value of food protem for wool growth is likely to 
not greater than 30 per cent f 

In contrast to the requirement of protein for wool growth, those o 
energy seem hkcly lo be relatively smaller. In producing a fleece o 
7 lb the sheep would rctam about 45 kcal per day In comparison wit 
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its fasting metabolism of about 1200 kcal per day, this is quite small 
(though the efficiency with which metabolisable energy can be trans- 
ferred to wool is not known). u * ii ti/ 

There are no feeding standards for wool growth alone, but allow- 
ances for maintenance arc set sufficiently high to provide or woo 
production. While nutrient requirements for wool production are, 
even for protein, quantitatively small, it must not be suppose a 
maximum wool growth will take place at a level of nutrition on y 
slightly above the maintenance level. Wool growth reflects the genera 
level of nutrition of the sheep. At sub-maintenance levels, when tne 
sheep is losing weight, its wool continues to grow, althoug s ow y. 
As the plane of nutrition improves and the sheep gains in weig , so 
wool growth too increases. There appears to be a maximum ra e o 
growth for wool, varying from sheep to sheep within a range as 
as 5 to 40 g per day. It was at one time considered that the rate 
wool growth depended on protein intake, or, more specifica y, on 
concentrations of amino acids in the fluid bathing the woo ° ' 

From more recent experiments however it appears ^ nf 

diet contains a minimum of 8 per cent, crude protem, the . 

wool it produces is related more closely to its energy than o i p 
intake 

Wool quality is influenced by the nutrition of the sheep. . 

of nutrition increase the diameter of the fibres, and it is sigm 
the finer wools come from the nutritionally less favoura ^ e area . 

Periods of starvation may cause an abrupt reduction in woo » 

this leaves a weak point in each fibre and is responsi e ^ 

fleeces with the self-explanatory name of break . ^ wnol* 

copper deficiency in sheep is a loss of ‘ crimp or wavine 
this is accompanied by a general deterioration in qua i , 
losing its elasticity and its affinity for dyes being re uce 

Mineral and Vitamin Requirements for Mainten 
AND Growth 

This section is concerned with the general No 

determination of feeding standards for nuncra . would 

attempt is made to discuss individual nutrients since lo 
result in duplicating the material of Chapters 


Minerals 
Animals 
cxcrclc these 
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as constiments of organic compounds, such “ 

and the lodmc of thyroxine, arc released ^ j extent 

they are expended or • worn ouf To a ,s never 

the elements so hberated ate ’“''“‘*>’’'‘ 1 , L from the body 
complete and a proportion of each elements which 

m the faeces and unne and through the skin notassium and 

occur in inorganic forms, such as calcium *“f‘“”’ansmg from the 
magnesium, there arc losses m the unne such a losses in the 

maLenance of the acid base balance of ‘^o “ of «' 

faeces occumng through secretions mto the gut w animals 

absorbed Because they suffer all these endogenous losses, 
require minerals for maintenance ,« r^aiationto 

Endogenous losses of minerals are often small, howeve , 
the mineral content of the body A pig of 70 lb, whose - j- 
about 230 g calcium, suffers endogenous losses araounUng 
element per day, and thus needs to replace daily about 0 3 per 
body calcium The same pig contains about 40 g sodn^ 
to replace 0 036 g or 0 09 per cent each day In ^ J jj 

would need to replace about 0 7 per cent of its body mtr g 


day . 

The approaches used m assessmg requirements for mmerms aw 
same as those used m determining standards for energy j 

A ‘ theoretical ’ approach is provided by the factorial melho , 

* practical ’ estimates of requirement by balance and growth 
Since the mineral contents of foods are expressed as the total or gr ^ 
amounts present, requuements are stated m the same terms 
standards must therefore make allowance for the differences in minera^ 
availability that occur between different species and age classes o 
animal (see Chapter 10) 

Factorial estimates of mineral requirements The net requirement o a 
mmeral element for maintenance plus growth is calculated as the sum 
of the endogenous losses and the quantity retamed To detenrune the 
dietary requirement, the net requirement is divided by an average value 
for availability (expressed as a decimal) For example, a heifer o 
700 lb hveweight gaining 1 lb per day might have endogenous losses 
of calcium of 5 g per day and retain 3 g per day, its net requirement 
would therefore be 8 g calcium per day For an ammal of ibis weight 
an average value for the availabdity of calcium would be about 40 per 
cent , and the animal s dietary requirement for calaum would therefore 
be 8y0 4 = 20 g per day 

The difficuUies involved in the factorial approach to mineral 
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requirements are the same as those associated with factorial estimates 
of protein requirement. While the mineral composition of liveweight 
gains may readily (if laboriously) be determined by carcass analysis, 
the assessment of endogenous losses, and hence also of availability, 
is more difficult. Diets for ruminants which are completely free of an 
element are particularly difficult to prepare. Perhaps because of these 
difficulties of technique, theoretical estimates of mineral requirements 
often do not agree with practical estimates. 

Growth and balance trials. When mineral requirements are assessed 
by comparing the effects on the animal of diets supplying different 
quantities of an element, the great problem is to establish a satisfactory 
criterion of adequacy. That intake which is sufficient to prevent 
clinical signs of deficiency may be insufficient to support maximum 
growth. Of tlie bone-forming elements, the intake which gives a 
maximum rate of liveweiglit gain may yet be inadequate if judged by the 
strength of bone produced. The position is further complicated by the 
mineral reserves of the animal. If these are large at the beginning of an 
experiment of short duration, they may be sufficient to allow normal 
health and growth even if the diet is inadequate, and it is therefore 
desirable that mineral balance should be determined directly or assessed 
indirectly by analysis of selected tissues. Even balance trials however 
may be difficult to interpret, since if the element Is one for which the 
animal has great storage capacity, a dietary allowance which promotes 
less than maximum retention may still be quite adequate. In long-term 
experiments, then, such as those continuing for one or more annual 
cycles of the dairy cow, health and productivity alone may provide 
TcViablc indications of minimum mineral icquiiemcnts. For growing 
animals on the other hand trials must usually be of shorter duration, 
and measurements of liveweight gain should be supplemented by 
measurements of mineral retention. 

Present standards. The requirements for minerals given in the 
Appendix Tables have been derived by factorial calculation. For all 
species the elements which have been the subject of most investigation 
have been calcium and phosphorus, these being the elements most 
likely to be deficient in the diet. AV/ requirements for calcium and 
phosphorus, relative to requirements for other nulriciils, tend to decline 
as the animal ages and banc growth slows down, but dietary require- 
ments decline less with age because Uic asailability of these elements is 
reduced as the animal matures. U should be noted that within small 
ranges in weight mineral requirements arc considered to be proportional 
to liveweight, not to metabolic liveweight. 
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Vilamms . ^ „ factonal estimates 

There are no endogenous losses on wh be derived 

of vitamin requirements, and standard assessment of mineral 

from the results of feeding trials j ti,e entena 

requirements, it may be diffieult m ‘"““‘"teouamfr inadequate 
by which the aUowances compared ““ 1““*^ j. from signs of 

The mam criteria are again growth ra e /'““^.“minat.on of 
deficiency, deficiency bemg detected eitlier / of the vitamin 

the animals or hy physiological tests such as detem from 

levels in the blood. Vitamin storage may also be asse . 

actually analysing tissues or from such "J^^^Tthe urine 
saturation as is provided by excretion of th 

Tabi£14 8 The Vitamin a R^uircment of 30.467) 

(From the data of J M Lewis and L T Wilson, 1945, / 


Minimum requirement for 


Vitamin A 

(/ U Ikg Uteveightlday) 


Prevention of night blindness 
Optimal growth 
Limited storage of vitamin A 
Maximal blood level oE vitamin A 


32 

64 

250 

500 


The difficulties involved m assessing requirements are 
Tabic 14 8, which shows that the apparent requirement can vary w 
according to the criterion of adequacy preferred 

In practice, vitamin allowances must be at least higb enoug 
prevent signs of deficiency and not to restrict the rate of 
Higher allowances, which promote storage or higher circu a 
levels of the vitamin, are justifiable only if they can be shown m 
long term to influence the health and productivity of ammals in a w 
which does not become apparent in the short-term experiments 
which requirements must often be assessed Some storage 
justified, since in most ammals there may be fluctuations m both 
need for the vitamins and the supply of them, and allowances are usua y 


set at levels permittmg the mamtenance of stores 

Requirements for the fat-soluble vitamins, in older animals at least, 
are considered to be proportional to body weight Those for 
the B group however, which are more intimately concerned with 
metabolism, vary with food intake in general, or in some cases with 
intake of specific nutrients Thus the requirement for thiamine, which 
IS particularly concerned with carbohydrate metabolism, vanes accord- 
ing to the relative importance of carbohydrate and fat in the diet 
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For similar reasons nboflavm requirements are increased by a high 
protein intake Requirements vary also according to the extent to which 
B vitamins are synthesised m the alimentary tract In herbivores 
sufficient synthesis occurs to make the animal independent of dietary 
supplies In pigs and poultry considerable synthesis takes place in the 
lower gut, but the vitamins produced may fail to be absorbed, the 
contnbution of the intestinal synthesis may then depend on whether 
the animals are free to practise copropliagy (the eating of faeces) 
A final point of importance concerns the availabihty of vitamins 
Requirements are often determined from diets containing synthetic 
sources of the vitamins, whose availability may well be higher than 
that of the vitamins of natural foods Although little is known about 
vitamin availability, a well documented instance of non-availabilily 
IS provided by the nicotimc acid of cereals, some of which is m a 
bound form not available to pigs 
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Chapter 15 


FEEDING STANDARDS FOR REPRODUCTION 
AND LACTATION 


Reproduction 

It IS convenient to divide reproduction into two 
phase, which is important in both sexes, compnses all e 
up to conception, while the second phase is the pcnod o p ^ ^ 

The first part of this section is concerned with the effects of 
on the production of ova and spermatozoa aujre- 

fot these processes m mammals are small compared wim the 
menls for egg production m birds, and the feeding of ^ ^ 

IS therefore dealt with separately m the second part. The nn p 
of this section is devoted to the nutrition of pregnant animals 
The anatomy of the reproductive organs and the physiolo^ 
reproduction are considered to be outside the scope of this o » 
but such information can be found in some of the books listed a 


end of this chapter 

Two general points regarding nutrition and reproduction m / 
be made at this stage The first is that many of the effects of nutn o 
on reproductive performance are transmitted via the endocrine system, 
particularly via the hormones produced in the anterior pituitary 
In a few instances the effect of a dietary deficiency can be relate 
directly to a reduced output of a particular hormone, and will ® 
corrected as successfully by hormone therapy as by improving t e 
diet In others the involvement of the endoenne system is less easi y 
demonstrated, the effect on reproduction may be a consequence 
of a change in the rate at which a hormone is destroyed rather than 
the rate at which it is secreted, or of an altered sensitivity to the hormone 
in the organ respondmg to it 

The second general point is that m farm am mAts the effects of 
nutrition on reproduction are known only very imperfectly The 
research needed is difficult to carry out because the response to a 
diet IS often slow to develop, and expenments must therefore be of 
long duration, perhaps several generations Many animals may 


2S2 
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be needed if, for example, the fertility of a number of bulls has to be 
tested by mating each to 10-20 cows. 

THE EFFECTS OF NUTRITION ON THE INITIATION AND 
MAINTENANCE OF REPRODUCTIVE ABILITY 

Puberty in cattle is markedly influenced by the level of nutrition 
at which animals have been reared. In general terms, the faster an 
animal grows, the earlier will it reach sexual maturity. In cattle, 
puberty occurs at a particular Uveweight or body size rather than at a 

TAatE 15.1. Age and Size at Puberty of Holstein Cattle reared on 
Dififerent Planes of Nutrition 


At puberty 



Plane of nutrition 



Height at 


(per cent, of accepted 

Age 

Weight 

withers 

Sex 

standard for TDN) 

(weeks') 

m 


Females • 

High (129) 

37-4 

595 '5 

42*7 


Medium Q3) 

49'1 

596-6 

44*3 


Low (61) 

72 

531*8 

44*6 

Males t 

High (150) 

37 

644 

45*8 


Medium (100) 

43 

578 

45*6 


Low (66) 

51 

519 

44*7 


* From A. M. Sorenson et ai, 1959, Bull, Cornell Univ. agric. Exp. Stn, No. 936. 
t From R. W. Bratton et al., 1959, Bull. Cornell Univ. agric. Exp. Stn^ No. 940. 

fixed age. This is illustrated in Table 15.1, which shows the effects of 
three planes of nutrition on the initiation of reproductive ability in 
dairy cattle. Although in both sexes there were considerable differences 
in age at puberty between the three treatments, differences in livcweight 
and in body size (as reflected in the measurement of height at withers) 
were much smaller. 

In sheep too, a high plane of nutrition advances puberty, for ewe 
Iambs fed liberally come into heat sooner in the breeding season and at 
a greater livewcight. 

In pigs, on the other hand, high planes of nutrition in both sexes 
result in greater weights at puberty, but have little effect on age at 
puberty. Indeed very high levels of feeding, which induce excessive 
fatness, may actually delay the initiation of reproductive ability. 

In practice, the factor which decides when an animal is to be first 
used for breeding is body size, and at puberty animals arc usually 
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The evidence for a causative ^‘^“'very fat animals 

impaired reproductive “ lions, fatness and stenlity, 

frequently are sterile, but ‘he j„docnnc disturbance, rather 

may both be effects of, for ““""P j sterility occur together 
than one the cause of the “>>;« m show 

most commonly in sows, and ® ova while fading 

animals Over fat sows ^ ted that the oestrogens 

to show signs of nrfabsorbed.n the fat depots 

intended to be responsible for the latter 

Effecs of specific Numen, Defic.enc.es on ,Ue Frodncon of O.n an 

"ZtZ Chapter has been con.™ed -b the e|f.ts 

duction of variations in quantity “f fo“^’ attention will be 

T^\strw"r:nfluencconre^^^^^^ 
of a deEciency of protein One reason f®' . ^fed by deficiencies 

because it depresses appetite, is frequently oo®P „iensively with 
of other nutrients Protein has been ^ ^ reproductive 

laboratory animals, where its deficiency o^nlually teds to P ^^^^on 
failure In general the effects of protein '!^ien y 
appear to be much more severe in growing than n m ’ “ o„,mals. 

When deficiencies of minerals or 'f ™"*oocur .n breed, g ^ 
the general signs of deficiency described earlier (see ^“0? ja 

usually appear before reproductive ability ^a^cBciences 

other words, reproductive function IS more resistant deficiency 

than are other bodily activities The effect of ''‘‘^mely causes 
dlustrates this point, for although such “ ^ B^flaiemy may 

complete failure of reproducUon, animals blinded by the p j^nged 
still be capable either of producing semen or of conceiving 
deficiency leads eventually m males to degeneration of the 
females to keratimsation of the vagina ,„„roduction 

Deficiency of vitamin E has a profound effect on P 
in rats, but the evidence suggests that the vitamin does no p 
appreciable role as a cause of mferUlity m cattle and sheep ^ 

however it has been reported that vitamin E deficient diets may 
in lowered reproductive performance There is also Y 

expenments with mature fowls that a prolonged vitamin E de ^ 
results in stenUty in the male and reproductive failure m the e » 
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and in the male the sterility may become permanent through degenera- 
tive changes in the testes. ■ , 

Of the mineral elements, both calcium and phosphorus are important 
in reproduction, although of the two it is phosphorus whose deficiency 
is more commonly associated with reproductive failure. On females 
this failure may sometimes, but not always, be due to oestrus not taking 
place.) Phosphorus deficiency arises most commonly m ruminants 
grazing on herbage deficient in the element, and in such circumstances 
the failure of reproduction occurs in conjunction with the general 

signs of phosphorus deficiency described earlier. Whenlowp osp 

diets have been used in experimental studies, however, there have been 
cases where reproduction was impaired in animals that were normal 
in other respects. In sows, manganese deficiency has been shown to 

interfere with reproduedon. A complex interaction between manganese, 

calci um and phosphorus has therefore been suggested as in uencing 
reproduction in cattle- 


EGG PRODUCTION 

Rearing of Hens 

Birds intended for egg production ate commonly fed to appetite 
during the rearing period, but in recent years the possibihties ot re- 
stricting food intake have been investigated. Restriction duMg the 
tearing period, to 70-80 pet cent, of what would be consumed volun- 
tarily, appears to delay the onset of egg production and to 
growth; the practice is also associated with a higher mortality during 
rearing. However if such restricted birds are subsequently, during e 
laying period, fed to appetite, they appear to compensate for many ot 
the earlier disadvantages. Once they begin to lay they produce eggs 
at a slightly faster rate than birds previously fed to appetite, and they 
make up their Uveweiglit deficit. In many cases mortality is lower 
among layers which have been reared on a restricted regime t lan am^g 
those birds fed on a normal diet, presumably because more o ewe 

birds do not survive during rearing. • • r j 

Birds reared on a restricted intake naturally yield a saving in^ oo , 
but they may almost nullify this by eating more food at the eginning 
of the laying period. One definite advantage of feed restriction is a 
decrease in number of small eggs laid. 

Nutrient Requirements of Laying Hens 

Good flocks of layers produce an average of 210-220 c^s per bird 
per year. Their eggs weigh on average 2 oz (57 g) and have the chemical 
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composition shown m Table 15 hr°a factonal 

In theory this information could be u«d as tne o 

calculation of the nutrient require efficiency with which 

.hethcr suffi=-t information JU on the_^e^^ ^ 

nutrients ate transferred f™" „„o„ed according to a 

to be made At one time, layi g j. maintenance 

system in which they were given so much food per nay 


TACCE 15 2 Average Composition of Ihc Hen s Egg 


iVhole egg 
(including 
shell) 

65 6 
12 1 
10 5 

09 

10 9 


Edible 

parts 

only 

73 6 
12 8 
118 
10 
08 


Hi 


0 07 
0 07 

oil 


(a) Gross constituents (per cent ) 

Water 
Protein 
Lipids 

Carbohydrate 
Ash 

(b) Major mineral elements (g per egg) 

Ca 2 0 

p 0 12 

Mg 0 05 

Cl 0 09 

(c) Trace mineral elements (mg per egg) 

Fe 1 6 

I 0 007 

Cu 0 09 

Mn 0 015 

and so much for the estimated egg production, “fs 

almost invariably fed to appetite Feeding s an a terms 

for other classes of poultry arc therefore ^ents of 

nutnent proportions rather than quantities The <1 
layers are shown in Appendix Table 11 ^vreot where 

Energy The values given m Appendix Table 11, ^ l/lb 

otherwise stated, relate to diets containing 2 8 Mcal/kg o jgjy 

of ME Like younger birds, the hen maintains an appr 
constant energy intake by eating more of low- and less of 
diets, and in order to keep her intake of protein and other 
constant it is necessary to adjust the composition of any diets con 
more or less metabohsable energy than 1270 kcal/lb so that the ra 
these nutrients to energy are maintained r <• nd to 

Although the hen has this abihty to adjust her intake oi lO 
satisfy her energy requirements her adjustments m intake may 
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compensate for the changes in energy concentration ^ 

With diets very low m energy there is likely to be a reduction in total 
energy intake, while with exceptionally energy-rich diets 
will be increased High intakes of energy may have the adva“ta^ 
increasing egg weight, but they may also lead to an excessi P 
of fat in the hen herself 

The energy requirements for both maintenance and production 

are given inThe first part of Appendix Table 11 Th^orgy 

for tbo production of one ‘ standard ’ (2 oz) egg is 122 ^cal. and the 

values m Table 11 have been calculated using this va ue o ’ 

a hen of 6 lb would require 335 kca! metabolisable energy ^ 

maintenance If her production rate were 70 per cent ( eggsp » 

her total daily requirement for energy would be 

335 + 70/100 X 122 = 420 kcal ME 

A requirement of 122 kcal ME for the production of ^ 

implies an efficiency of conversion of metabolisable energy 

Laying hens need relauvely less protein S” 
poultry Their essential ammo acid requirements mnnt-im 

known, because only recently has it been found possi e 
egg production m layers given then- protein as mixtures o p , , 
acids, the ammo acids mvestigated have therefore been , 

natural foods are deficient The amino acid requiremen s o 
chicks are compared in Table 15 3 
Mineral elements Laying hens have a high requirement for calcium 
because of the large amount of this element ® 
difficult to obtain reliable estimates of phosphorus , 

because of the problem of the availability of p y a e p 
(see Chapter 6), m Appendix Table 11 the d ' 

therefore expressed as morgamc phosphorus to e a e 
Other elements which are likely to be deficient m no 

sodium, chlorine, iron, iodine, manganese and zinc 

Common salt is generally added to the 
beneficial m counteracting cannibahsm and feat er P* . 

requirement of poultry for sodium is met by the inrmful 

cent ofsaltmthediet In excessive amounts salt is defimtelyha^^^^^^^^ 

although adult birds can withstand 20 per cent m t e ic , , ly 
drinking water is available The iron content of t e lavinc 

high (see Table 15 2), and consequently the requirement of ^ 
hen IS large compared with the requirement for mam enan 
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uon m the diet is, however, harmful and may give rise to nckeU by 

rendenng the phosphorus of the dictunavailable Iodine and “““S 

ate parUculatly important for breeding hens, since a 

uads to a reduction in the hatchabil.ty of^gs, and 

the viability of the chicks after hatching The "s of 

ganese are influenced by breed d.lfercnces as well as ^ , 

Slcium and phosphorus in the diet, this trace element is more y 


Table 15 3 


Anuno Aad Requirements of Chicks and Laying Hens 
(expressed as PereenUges of Total Protein) 


Ammo acid 


Young chick Laymg hen 


Argmme 

Histidine 

Lysine 

Tryptophan 

Methionine + cystine 

Phenylalanine + tyrosine 

Leucine 

Isoleucme 

Valine 

Threonine 

Glycine 


40 
1 8 
50 
08 
3 S 
60 
75 
25 
40 
28 
50 


Approximate protein level (pet cent ) 


20 


3 3 
09 
37 
47 
47 
33 
37 
27 


15 


to be deficient m diets predominantly rich in maize than m those 
based on wheat or oats Zinc deficiency m the diet of laying e 
adversely affects egg production and hatchabihty, and results 
production of weak chicks with a high mortality rate In the past i i 
possible that the use of galvanised feeding and dnnking troughs w 
an important source of this element 

Vitamins An important feature of the vitamin requirement ol layi 
hens IS that the minimum amounts required to ensure maximum egg 
production may be msufficicnt to provide for the normal growth o 
the chick, both before and after hatching Requirements for some 
vitamins are not yet known, but it appears that for at least riboflavin, 
pantothenic acid folic acid and vitamm B12 the quantities needed or 
maximum hatchability are appreciably greater than those for egg 
production alone For vitamins A and D this is not so 

The value of j 8 carotene as a source of vitamm A for poultry depen s 
upon a number of factors, and it has been suggested that in practice 
this provitamin should be considered as havmg, on a weight basis, 
only one sixth of the value of vitamm A 
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Regarding vitamin D, it should be remembered that Dj (chole- 
calciferol) is 35 times as potent for poultry as D 2 (ergocalciferoi; 


REQUIREMENTS FOR PREGNANCY 

Growth of the Foetus 

The growth of the foetus (or embryo) is accompanied by the formation 
of the membranes associated with it, and also by considerable enlarge- 
ment of the uterus The quantities of nutrients deposited daily in th 
uterus and its contents may be detenmned by weighing an ana ysing 

Table 15 4 Deposition of vanous Nulncnts and ^ 

Mammary Gland of the Cow at different 5^6“ “f 
(From values and equations given by J Mous^aard, 19 , , ^ 

Dome,„c Ammalsli H H Cole and P T Cupps), 2 vols Aeademio Press, 

New York and London) Deposited in 

mammary 
gland 
Protein 
(gjdoy) 


Deposited in uterus (per day) 


Days after conception 

100 

150 

200 

250 

280 


ment for maintenance of 
1000-lb cow) 


Energy 

Protein 

Calcium 

(kcat) 

(g) 

(s) 

40 

5 

— 

100 

14 

01 

235 

34 

07 

560 

83 

32 

940 

144 

80 

(7000) 

(300) 

(8) 


(£) 


06 

27 

74 

( 12 ) 


7 

22 

44 


uten taken from animals killed at vanous stages of pregnancy The 
results of such investigations with cows are shown in ig 
Table 15 4 (The values m Table 15 4 were obtained by the diller 
entiation of equations fitted to the data of Fig J ) ^«r.ncitfd 

In the early stages of pregnancy the amounts of nu rien 
are small, and it is only m the last third of pregnancy ( c-necial 
month onwards m cattle) that it becomes necessary o m 
provision in the diet for the growth of the foetus ven i 
stages the net energy needed for the growth of the uterus and its 
contents is small in relation to the maintenance requirement oi me 
mother herself, but net requirements for protein and for 
phosphorus (and other mineral elements) arc quite apprcci 
last stages of pregnancy 

Mammary Detclopment t,,,* ,, 

Mammary development takes place throughout prcgna y. 
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only in the later stages that it 

dable nutncnt demands. Even then the qua „an,ple, it has 

down in the gland are quite small. In the hcife . P 

been shown by the analysts of animals slaughtered at vano 
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Fig 15 1 Weight and composition of the pregnant bovine uterus related 
to time after conception (From J. Moustgaard 1959- Nutntion and 
reproduction m domestic aounals, m Reproduction in Domestic Animals 
(ei H. H. Cole and P. T. Cupps), Vol II Academic Press, New York 
and London ) 


STANDARDS FOR REPRODUCTION AND LACTATION 


263 


daily is no more than 45 g. 

Basal Metabolism during Pregnancy . . . ^ .. be 

The fasting metabolism of pregnant ammals “ ° The 

greater than that of non-pregnant ammals of is^generaUy 

difference, often called the heat increment of 3"'“'"”'; ® 

attributed to a higher basal -tabolism in the mother 

than to the heat produced by the foetus. '® 1 during 

the mother may be a response to changes in hormone 

’’X hJat increment of gestation incmases ‘^^^ut pm«^^ 
and this, together tvitlt the Uveweight At 

leads to a gradual rise in the maintenance ener^ ,„d 

the end of pregnancy the energy requnement Ij 

the growth of the foetus has been d m ca tie to be apo 

times that of the non-pregnant STf« more 

the requirement for energy m pregnancy foetus (see 

than would be deduced from the storage of energy m the loetus t 

Table 15.4). 

Extra-uterine Growth during Pregnancy rnnsider- 

The Uveweight gains made “rproducts of conception 

ably greater than can be accounted lor y . ^ membranes 

alone. For example, a litter of 10 pigle s an • „„„ jqo lb during 

may weigh 40 lb at birth, but f-fl^of 
gestation. The difference represents g protein 

and sows may in their oivn tissues products of con- 

and 5 times as much “Icium as '* P. „ d, is obviously necessary 
ceptlon. Thispresn^iey miaiuh^ „„„„ ^Uo in 

l';d“s.“req:e:^"i:h^fthet^^ 

grounds that it leads to requirements and that 

lactation the nutrient intake may believed 

a store of nutrients is tliereforc yalua e promote gains in preg- 

that the higher plane of nutrition ^ gland development, 

nancy is beneficial in ‘"‘*“‘^1"® jp pjgp level of feeding she will 
and in aecustoming the animal to the li g 
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deficienciB The ability of hm animals 

Eri"pi, - — - ", 

blood at a level higher than that o . fall considerably, 

of the mother is insufficient her bloo gj for energy) 

to levels at which nerv e tissues C'vbioh t ^ as pregnancy 

are alfeeted This occurs in sheep in nionlh of pregnancy 

toxaemia, which is prevalent in cw appetite and 

Affected animals become dull ® „ ,iic bead at an 

show nervous signs such as Uemblmg and ‘“i “%a.e may 

unusual angle, in animals showmg these ,a ewes 

be as high as 90 per cent The disease occu ™ ^“7„f . fsvin 
with more than one foetus-whenee its ““and when 

lamb disease '—and ismost prevalent in times ® .ucr or 

the ewes ate subjected to stress in the f usually ^show. 

transportation Blood samples from affected and an 

m addition to hypoglycaemia. a marked rise in ketone 

increase in plasma free fatty acids oreanancy 

There does not appear to be one single cause o P S 
toxaemia The mam predisposing factors carbo- 

reguirement of the foetus for glucose and possibly a ‘ shortage 
hydrate supply of the mother, which may arise jj 

or through a decline m appetite in late pregnancy [,0 

explanation for the disease hinges on the fact that the ^„f 

acid cycle cannot function corrccUy without an adequate supp y 
oxalacctate, which is derived from glucose or such j. 

stances as propionate, glycerol and certain ammo acids I 
acetate supply is curtailed, acetyl CoA, which is derive 
or from acetate arising through rumen fermentation, is unable 'o 
the cycle, and so follows an alternative pathway of metabolism wm 
culmmates m the formation of acetoacetate, P hydroxy butyrate im 
acetone In pregnancy toxaerma the balance between metabou 
needmg to enter the cycle is upset by a reduction m glucose avadatim y 
and an increase m acetyl CoA producUon, the latter being caused by me 

ammalhavmg to metabolise its reserves of body fat The chmeal sig 

can thus be attributed both to hypoglycaemia and to the acidosi 
resultmg from hyperketonaemia An additional factor is that mcrease 
production of cortisol by the adrenal cortex m response to stress may 
reduce the utilisation of glucose, this possibility is supported by s 
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fact that hyperketonaemia may continue after the blood glucose level 
has been restored to normal. 

The disease has been treated by the injection of glucose, by feeding 
with substances likely to increase blood glucose levels, or by hormone 
therapy. Only moderate success has been achieved, however, and there 
is no doubt that the control of pregnancy toxaemia lies in the hands 
of the shepherd rather than the veterinary surgeon. The condition can 
be prevented by ensuring an adequate food supply in late pregnancy 
and by using foods which supply glucose or its precursors rather than 
acetate, i.e. concentrates rather than roughages. 


Lactation 

We are here concerned with the nutrient requirements for milk 
production, which involves a conversion of nutrients into milk on a 

Table 15.6. Tlie Average Percentage Composition of Milks of Farm Animals 



Fat 

Solids- 

not’fat 

Crude 

protein 

Lactose 

Calcium 

Phosphorus 

Cow 

3*6 

8-7 

3-3 

4-7 

0'13 

0 09 

Goat 

4*5 

8-7 

3-3 

4>I 

0-13 

0-11 

Ewe 

7*4 

n'9 

61 

4-8 

0-20 

016 

Sow 

8-5 

11-6 

5-8 

4-8 

0-25 

0-17 


large scale and is a considerable biochemical and physiological achieve- 
ment. A high-yielding dairy cow, for example, may in a single lactation 
produce as much diy matter in the form of milk as is present in her own 
body. The raw materials from which the milk constituents are derived, 
and the energy for the synthesis of certain of these in the mammary 
gland, are supplied by the food. The actual requirement for food 
depends upon the amount and composition of the milk being produced. 

Qualitatively the milk of all species is similar in composition, although 
the detailed constitution of the various fractions such as protein and 
fat vary from species to species. Table 15.6 shows the average com- 
position of milks of farm animals. 

The major constituent of milk is water. Dissolved in the water are 
a wide range of inorganic elements, soluble nitrogenous substances 
such as amino acids, creatine and urea, the water-soluble protein 
albumin, together with lactose, enj^mes, water-soluble vitamins of the B 
complex and vitamin C. In colloidal suspension in this solution arc 
inorganic substances, mostly compounds of calcium and phosphorus, 
and the protein casein, while dispersed throughout this aqueous phase 



268 


ANIMAL NUTRITION 


IS a suspension of minute milk fat globules The fat phase contains the 
true milk tnglycerides m addition to certain fat-associated substances 
such as phospholipids, cholesterol, the fat-soluble vitamins, pigments, 
traces of protein and heavy metals The fat phase is usmiiy referred 
to simply as ‘ fat and the remaining constituents, other than water, 
are classed as ‘ solids not fat * or * SNF ’ 

Sources of the Milk Constituents 

All or most of the major milk constituents are synthesised in the 
mammary gland from vanous precursors which are selectively absorbed 
from the blood The gland also exerts this selective filtering action on 
certam proteins, minerals and vitamins, which are not elaborated by 
it but are simply transferred directly from the blood to the milk 

Milk proteins About 95 per cent of the nitrogen m milk is present 
as protein, the remainder consisting of substances such as urea, creatme 
and ammonia which filter into the milk from the blood The protein 
fraction is dominated by casein, which contains about 78 per cent 
of the total milk nitrogen, the protein m next greatest amount is 
|3 lacto^obuhn Both these proteins are elaborated m the mammary 
gland from ammo acids absorbed from the blood and synthesised 
m the gland itself The remainder of the protein fraction is made up 
of a small amount of albumin, pseudoglobulm and euglobulin, all 
absorbed directly from the blood 

Lactose With the exception of truces of glucose and galactose, 
lactose is the only carbohydrate in milk Chemically a molecule of 
lactose is produced by the union of one glucose and one galactose 
residue The mammary gland contains an enzyme system capable of 
changing glucose to galactose, which may then unite with glucose to 
give lactose Lactose may also be synthesised from small carbon 
fragments in the form of acetate, but this is a mmor source of the 
sugar 

Milk fat Milk fat is a mixture of tnglycerides containing saturated 
acids with four to twenty carbon atoms, and a range of unsaturated 
acids of which the chief is oleic acid, m addition there are small 
amounts of the more unsaturated hnoleic and Imolemc acids The 
amounts of the fatty acids present vary with the species of the anunal, 
ruminants having a higher proportion of low molecular weight acids in 
their milk fat than simple stomached animals, as shown m Table 15 7 
The mammary gland is capable of synthesising the saturated fatty 
acids from acetate and ^ hydroxybutyrate Such syntheses are stunu- 

a e by glucose, but this need not be present except m non ruminant 
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animals; glucose may serve as the sole precursor of the fatty acids 
in such animals. In ruminants the saturated acids of milk fat, up to 
and including palmitic acid, are mostly derived from acetate and 
^-hydroxybutyrate. About 70 per cent, of the high molecular weight 
acids, palmitic acid and above, are derived directly from the blood 
glycerides and fatty acids. The monocthenoid acids may be derived 
in part from analagous saturated acids or from dietary fat, but the di- 
and tnethenoid acids are obtained only from dietary fat since they 
cannot be synthesised in the body. 

The glycerol residue of the glycerides is obtained almost entirely 
from glucose, although there is a small synthesis from acetate. Some 
will also be available from ingested glycerides. 

Table 15 7 Component Fatty Aads of the MilJc of Various Animals 
(Percentages by weight. Values derived from T P, Hilditch and P. N. Williams, 
1964, The Chemical Comutution of Natural Fats, 4th ed Chapman and Hall, 
London) 

Saturated Unsaturated 

C 4 C 6 Cg Cio C 12 Cj 4 C 16 Cis C 20 MonO’ Di^ 

ethenoid ethenoid Others 


Cow 

4 

2 

1 

2 

3 

9 

25 

11 

1 

38 

4 

1 

Goat 

3 

3 

3 

10 

6 

12 

28 

6 

1 

25 

4 

trace 

Sheep 

3 

3 

2 

5 

4 

10 

24 

13 

1 

29 

5 

2 

Pig 



— y~ 

1 



2 

27 

7 

0 

45 

15 

4 


Minerals. The inorganic elements of milk may be divided con- 
vemently into two groups. The first comprises the major elements 
calcium, phosphorus, sodium, potassium, magnesium and chlorine. 
The second group, the trace constituents, contains some twenty-five 
elements whose presence in milk has been well authenticated; these 
include metals such as aluminium and tin, the metalloids boron, 
arsenic and silicon, and the halogens fluorine, bromine and iodine. 
Such substances are present m very small amounts, and their presence 
m milk IS coincidental with their presence m blood; nevertheless 
they may have an important bearing on the nutritive value of the milk 
and on the health and well-being of the sucking animal. The inorganic 
constituents of milk are absorbed directly from the blood by the 
mammary gland, which shows considerable selectivity; the gbnd is 
able to block the entry of some elements such as selenium and fluorine 
while allowing the passage of others such as zinc and molybdenum. 
This selectivity may be a considerable disadvantage when il acts against 
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elements whose pteseaceatinmasedl^^^^^^ 

®et despite the fact that the aveh of 4<= 

adequate they cannot of these 

^dr; rttn^a^ors^rnr between hlood and mdh is 

abnormal. .vnthesiscd m the mammary gland and 

Vitamins. Vitamins ^ j has consider- 

Ihosepresentmmilkarcabsorbedirom^^^^^ 

able vitamin A potency owing P present are very small, 

S carotene The amounts of vitamins C and D present 

while vitamins E and K occur bofiavm, mcotinic acid, 

of B'Vitamins in milk, including thiamin , „_,4,nrtsitol 

Be, pantothemc acid, biotm.fohc acid, chohne, juust 

It will be cleat from the foregoing that the wtion 

be provided with a wide range of materials ° ^vadable, and either 

of producmgmilk Essential ammo for their 

a supply of non-essential ammo acids or the raw mme^ 
synthesis must be provided, so that synthesis ,,,jfopplied 

■Lytakeplace 1“ -edition non-specdic^kpro^^^ 
as such Glucose and acetate ate required f®' aUow 
and minerals and vitamins must be provided “ ^ Tho 

the maintenance of normal levels of f are 

substances themselves, or the taw matenals products 

produced, have to be supphed either from the food or from th p 
of microbial activity in the alimentary canal 

Only in the case of the dairy cow, and to a lesser 
IS sufficient information available on yield and compositi 
to allow a reliable estimation of nutrient requirements f , 

to be made Where other anunals arc concerned no ^ , .^d 

ration separately for lactation, and feeding standards ate form 
for the combined functions of mamlcnance and lactation. 


NUTRIENT REQUIREMENTS OF THE lACTATlNG DAIRY COW 

The nutnent requirements of the dairy cow for milk producti^ 
depend upon the amount of milk being produced and upon its co 
position 
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The yield of milk is decided primariiy by the breed of the cow. 
Generaily speaking, the order of yield for the main British dairy breeds 
is: Friesian, Ayrshire, Shorthorn, Red Poli, Guernsey and Jersey 
(Table 15.8), but there are considerable intra-breed variations with 

Table 15.8. Milk Yields of the main British Breeds of Dairy Cows 
(After Milk Marketing Boards Rep. Breed and Prod. Org., 1963-64, 14, 75) 


Breed 

Average lactation yield {lb) 

Friesian 

9963 

Ayrshire 

8826 

Shorthorn 

8274 

Red Poll 

7885 

Guernsey 

7747 

Jersey 

7351 


strain and individuality. Thus certain strains and individuals of a low- 
yielding breed may often outyield others of a higher-yielding breed. 
Old cows tend to have higher yields than younger animals, but the main 
short-term factor alfccting milk yield is the stage of lactation : yield 



Fto. 15.2. Effect of stage of lactation on milk >'icIJ of the dairy cow. 
(After R. W'aitc et ah 1956. J. DaUy Res. 23, 67.) 

usually increases from parturition to about the middle or end of tljc 
second month and then falls regularly to ilic end of lactation, as is 
shown for Ayrshire cows in Fig. 15.2. 

As a result of these factors the yield of milk may vary over a very 
wide range. Fortunately such variations present little difllculiy in 
assessing the nutrient rctiuircmcnis of tlic cow, since >icld is caiily 
and conveniently measured. 

The composition of nulk varies with a number of non-nuiritional 
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factors Milking technique may have a 

and thus on total solids content. sin« ‘“°”P ”„dder. Unequal 
a considerable volume of fat-r.ch resiM ere a single 

intervals between nnltangs may “T wh^yielding cows 

rnterval exceeds sntteen hours, especially !‘®7^"„„pos.t.onal 
Again, diseases, parUcularly masutis. “ “^f^se factors 

q^hty of mdk In a properly managed have 

should be of any importance Certain ^ „ herd, 

to be accepted, however, since they “fbreed sCn. mdi- 

The factors responsible for these variations * 

viduahty, age of eow and stage of lactation 

Table 15 9. Effect of Bleed of Cow on Ihe PerceoUEe Composition 
of MlUc 


Breed 

Friesian • 
Shorthorn • 
Ayrshire • 
Guernsey • 
Jersey t 


Fat 

3 49 
3 56 

3 72 

4 55 
4 97 


Solidi- 
not fat 

8 59 
8 71 

8 78 

9 01 
919 


Crude 

protein 

Lactose 

328 

4 46 

3 32 

4 51 

3 38 

4 57 

3 57 

4 62 

3 66 

4 70 


Ash 

0 75 
0 76 
0 74 
0 77 
0 77 


. Alter E R Lii.g,S K KonandJ W O j'j*' SS 

Gland and US Secretion (fid S K KonandA T Cowie), Vol 2, p 
Press, New York and London y/u Rome, 1» 

t After A Reinart and J M Nesbitt, 1956, Int Dairy Cangr Xiv, 

925 

Effect of breed, strain within the breed and mdwiduahty on milk cor^ 
position There is a definite breed order in relation to mlk qu 
which IS the reverse of that for milk yield From Table 15 i , _ 
seen that the Jersey produces the highest quaUty milk, while the n g 
yielding Fnesian gives the poorest quality product. It ! 

to note the difference m the constituUon of the solids-not-lat irac 
of the different breeds, the milk from the high yieldmg Friesian, 
example, has a proportionately higher lactose and lower protein con e 
than the milk from the lower-yielding Jersey. As for yield, the s r 
and individuality of the cow have an important effect on milk co 
position, many Fnesian cows may average more than 4 per cen 
of fat and 8 9 per cent of solids-not-fat over a lactation, while some 
Jersey cows may not maldi these figures Table 15 10 shows how 
milk may vary m composition withm breeds 

Effect of age on milk composition As the age of the cow mcreases, 
so the quality of the mdk produced becomes poorer This is shown 
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for Ayrshire cows in Table 15.11. The regression of solids-not-fat 
content on age is linear, and the decrease occurs almost equally in 
lactose and protein. Fat content on the other hand is relatively con- 
stant for the first four lactations, and then decreases gradually with age. 


Table 15.10. Within-breed Variation in the Percentage Composition of Cow’s Milk 
(After O. R. Overman el al, 1929, Bull. III. agrlc. Exp. Stn, No. 325) 


Breed 


Fat SoIidS‘not’fat 


Ayrshire 

Guernsey 

Holstein/Friesian 

Jersey 


2-92~5-66 
3*65-7'66 
2-60-6-00 
3*28-9 -37 


7*20-10‘34 

8-19-lMO 

7-82-U-90 

7'68-ll*0? 


The age frequency distribution of a herd may profoundly aifect the 
average composition of the mixed-herd milk. 

Effect of stage of lactation on milk composition. Advancing lactation 
has a marked effect on the composition of milk, which is of poorest 
quality during that period when yield is at its highest. Both fat and 


Table 15.11. Effect of Age of Cow on the Percentage Composition of Milk 
(After R. Waite et ait 1956, E Dairy Res,, 23, 65) 


Lactation 

Fat 

SoUds-not’fat 

Crude protein 

Lactose 

1 

4-11 

901 

3*36 

4*72 

2 

406 

8*92 

3-35 

4*62 

3 

4-03 

8*82 

3*28 

4-59 

4 

4-02 

8*84 

3-30 

4*57 

5 

3-90 

8*72 

3-26 

4*53 

6 

3-91 

8*74 

3-30 

4*48 

7 

3-94 


3*25 

4-48 

8 

3-82 

8-65 

3*23 

4-44 

9 

4-03 

8*70 

3-27 

4*48 

10 

3*83 

8-66 

3*25 

4-46 

n 

3*77 

8-61 

3*16 

4*46 


solids-not-fat contents arc low at this time, and then improve gradually 
until the last three months of the lactation, when the improvement 
is more rapid. The changes arc shown for Ayrshire cows in Fig. 15.3. 
The changes in total solids-not-fat content are the resultant of changes 
in the individual constituents: ash content remains practically constant 
tliroughout the lactation; crude protein content changes with the 
solids-not-fat, but the changes tend to be more exaggerated; lactose 
content differs from that of oUicr constituents in following the yield 
cur\*e, and is at a maximum at peak yield. 
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It wiU be obvious that assessment sinre there are 

difficult task than measurement of milk p iJj^olved m their 

here five mam variants and (etm variations 

determination is considerable ^^en they become 

reduce considerably the validity of assumptions 

available In evaluating milk compositio , between 

are often made concerning the from the con- 

constituents. which allow composition to be P«dmted 
tent of a single easily determined constituent, usually fat 



Fig 153 Effect of stageoflacUtiononmilkcompositionofthedaiiy 

cow (After R. Waite et al 1956 J Dairy Res 23, 6/ ) 


Energy Requirements ^ 

Energy standards may be denved factonally This 
calculation of the gross energy value of the milk being pro ’ 
which may be used along with the yield to estimate the net e 
requirement for milk production Determmation of the gross ene 
of miiv mvolves either bomb calorimetry or a detailed chemi 
analysis, the amounts of fat, carbohydrate and protein are 6 
multiplied by their calorific values and the products summed, ^ 
irated m Table 15 12 An alternative procedure is to use fonnu a 
based on statistical mterrdationships between milk constituents 
calculate gross energy content from the percentage of a singi 
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constituent such as fat (F), e.g. 

kca!/kg milk = 304'8+114*l F.* 

Using this formula and assuming a fat content of 4 per cent., we have a 
gross energy of 761*2 kcal/kg or 345*2 kcal/Ib. 

The next step in the factorial estimate is the calculation of the amount 
of food energy required to provide the estimated net requirement. 
For this the efficiency of utilisation of food energy in milk production 
must be known. From the calorimetric work of Forbes, Fries and 
Kellner, an efficiency of utilisation of metabolisable energy for milk 
production of about 70 per cent, is indicated. This figure is believed 
to apply to diets which promote a normal rumen fermentation; the 


Table 15.12. Calculation of the Gross Energy Value of Milk 



Per cent. 

Gross energy 
ikcolllb) 

Gross energy 
ikcal/lb milk) 

Fat 

4-0 

4132 

165*28 

Protein 

3-4 

2658 

90*37 

Carbohydrate 

4*7 

1792 

84*22 

Milk 



339-87 


proportion of acetic acid in the rumen volatile fatty acids is then in the 
range 50-60 per cent. There is evidence however that when the pro- 
portion of acetic acid is outside this range, the efficiency of utilisation 
of metabolisable energy for milk production is less than 70 per cent. 
(Fig. 15.4), It would seem that when the proportion of acetic acid 
is below 50 per cent., the cow is unable to synthesise sufficient of the 
lower and medium-chain fatty acids which form a large part of milk 
fat; when there is more than 65 per cent, of acetic acid, efficiency is 
low as in other forms of production. 

The efficiency of utilisation of metabolisable energy is influenced 
also by the level of protein in the diet. Where protein content is 
inadequate, body tissues arc katabolised to make good the deficiency, 
a process which is wasteful of energy. Where protein content is too 
high, C.XCCSS amino acids arc used as a source of energy. Since protein 
is used rclatiN cly inefficiently as a source of energy for the animal, sucli 
a process reduces the overall efficiency of utilisation of metabolisable 
energy. The inclusion of correction factors in calculations to allow 
for variations in rumen volatile fatty acid patterns and protein IcncI is 
not practicable, since the effects of such variations cannot be adequately 
• After \V. U unJ I*. /V. Davhison, 1923, Hull. UK agr. Exp. Si/t, No, 2J5. 
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IIO J 

predicted Generally it is considered that the “tion is 

for efficiency of metabohsable energy u i require- 

acccptable in practice, and may be used metabolisable 

men? for milk production The net ^ ^ ,he gross 

energy for production of milk (4 per cent fat), assuming 

energy value is 340 kcal per lb, is 

GE of milk X 100/70 = 340 x 100/70 = 486 kcaWb 

Requirements formulated as a result of X modihed m 

of factonal calculations are mean values, and “r= usuaUy 
their translauon into feeding standards, as . (mn and has 

Blaxter has reviewed the 67 '^“stem^equivalent (SE) per 

calculated a mean requirement of 2 67 lb starch cq 

lOlbotmilk From the spread of the values contributgt^^ 

a safety margin was calculated statistically this 
an allowance of 2 9 lb SE per 10 lb of nulk equivalent 

From the experiments of Kellner and others. 1 lb surch eq 



Per cent molar propert on of acet c 
ac d n the volat le fatty ac ds 
of rumen I quor 

Fio 15 4 Energetic efliciency of lactation (After K. L Blaxter 
1962. The Energy MeiaboUsm of Ruminants, p 258 Hutchinson, 
London ) 
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was found to supply, on average, about 1340 kcal net energy for milk 
production (see Chapter 12). The starch equivalent required for the 
production of 1 lb of milk may therefore be calculated as 340/1340 
= 0‘25 Ib. The standard used for many years in the United Kingdom 
of 2‘6 lb starch equivalent per gallon of 4 per cent, fat milk, recommended 
by Woodman in earlier editions of Rations for Livestock, was derived 
in this way. 

If a cow is supplied with energy which is theoretically sufficient for 
maintenance and for, say, 5 gallons of milk per day (i.e. is given a 
production ration supplying 5 x2‘6 — 13 lb SE), there is no guarantee 
that the animal will produce 5 gallons of milk per day. Lactating 
cows are usually either gaining or losing body weight. If the cow 
considered above were losing weight, then the animal would be 
making reserves of energy available to enable her to maintain her 
level of milk production. If on the other hand she were gaining 
weight, some of the production ration would be diverted from milk 
production for this purpose. The ability of cows to divert part of their 
production ration for the growth of their own tissues, or alternatively 
to supplement the energy available for milk production by the break- 
down of these tissues, varies considerably from one individual to 
another; cows of high-yielding capacity would tend to use a higher 
proportion of a production ration for milk than would those of lower 
potential. Within individuals the tendency is that, as the production 
ration is increased, the proportion of the energy of the increment 
which is used for milk production decreases; in other words, the input 
of energy required per gallon increases as the milk yield of the cow 
increases. Because of this there have been suggestions that the quantity 
of food energy allowed for each gallon of milk should be allocated 
according to a sliding scale which increases with yield. While an 
allowance of 2*6 lb starch equivalent per gallon might be adequate 
for lower-yielding cows, an allowance of as much as 3*2 lb starch 
equivalent per gallon might be needed by cows producing 5 gallons 
per day. Some evidence supporting this view is given in Fig. 15.5, 
which shows that, as the allowance of starch equivalent per gallon 
is increased above 2*6 lb, the response is small with low-yielding cows 
but rises as the yield increases. 

Although a sliding scale may be desirable, it is less easy to apply 
in practice. Tlic figures in Appendix Table 7 arc based on the statist- 
ically derived figure of 2*9 lb starch equivalent per 10 lb of 4 per cent, 
fat milk. Those for milk of other fat contents have been calculated 
on tlie basis of their calculated calorific values. 
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Prate, n Requirements production may be estimated 

The protein requirements for mt J roquirements 

by methods analogous for the produetion 

Factorial procedure The prote ^ ^ f ,ije protein conten 
of milk may be oaleulated rorn a of the food 

together with a measure of the ““A (he biological value 
protem ingested Such a of proteins given to 

kbhshed work suggests that the bio ogiiml vatu 

nimmants are remarkably constant co p ^d jue to 

with the same protems for simple-stom microbial population 

the degradative and synthetic aetivmes o _j,g^3U„n 

of the mmen. as a result of winch ^ „ipg,cal value of such 

by the host is largely imcrobial m origin biological value of 

pmtein IS about 80. but for practical purposes b 

70 may be assumed for protem given to lactating co 



Surds cqu intake ^Ib/tiiy) 

Fig 15 5 Effect of feeding energy levels in excess of standard 

requirements on imllc yield of cows with different lactation yields 
CFrom K. L Blaxter 1962. ne Energy Metabolism oj 
Ruminants,^ 173 Hutdunson, London) 
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fat milk having 3 4 per cent of crude protein, the digestible crude 
protein requirement will be 

0 034 X 100/70 = 0 049 lb per lb milk 

No account is taken in such a calculation of the increased loss of 
metabohc faecal nitrogen resulting from the increased food intake 
necessary for milk production, which is not practicable unless com- 
bined requirements for maintenance and lactation are calculated 
This may be done by using the equation 

J? = 6 25{100/B(Af xi)+r+G)-MxXi} 

as on p 240, except that G represents the nitrogen in the milk being 
produced If the requirements for maintenance and production at 
different levels of milk production arc calculated, then the requirement 
for the production of a given quantity of milk may be obtained by 
difference Such calculations give a slightly increased requirement 
of 0 051 lb digestible crude protein per pound of milk Available data 
on the variation of factorial estimates indicate that this figure should 
be increased by a 10 per cent safety margin, giving an allowance of 
0 056 lb of digestible crude protein per pound 
The standards given in Appendix Table 7 are based on this value 
Feeding trials In these, diets are used which are accepted as 
satisfactory m all respects other than protein, and the minimum intake 
of protein adequate for maximum production is determined Such 
experiments have to be of a long term nature, since even on deficient 
diets production may be mamtamed owing to the cow’s ability to utilise 
her body tissues This will result m a negative nitrogen balance, and 
studies of nitrogen balance arc often earned out to supplement the mam 
feeding trial In treating the results of feeding tnals, an allowance 
IS made for protein required for maintenance, and the residue equated 
to milk production Estimates of digestible protein requirement based 
on such tnals have varied from 1 J times that present in milk to as little 
as li times m the more recent work These low levels only apply 
where the level of crude protein in the diet is of the order of 16 per cent , 
where the level is reduced to about 12 per cent crude protein, the 
requirement for milk production nses 

Mineral Requirements 

Milk contains about 0 54 g calcium and 0 45 g phosphorus per 
pound The amounts arc remarkably constant, being under hormonal 
control and therefore not affected by factors such as dietary lc\cl, 

T 



animal nutrition 

* Tnr tll6 pro* 

they represent the net requirements for “dmate that the 

'duetion of one pound of milk pound of mdW 

feeding of 1 g of calcium and 0 7 B for milk 

m addition to maintenance requirem . , of dietary calcium 

non, which would imply an , phosphorus of 64 pet cent 

for milk production of 54 per cent a P ^ been used over 
There are numerous cases where lowc calcium and 25 g 

long periods with no ill effects T . ,5 for cows producing 

of phosphorus per day have P™''^ lactmions, which imphes a 
10,000 lb of milk per annum over four phosphorus per 

di;tary requirement of 0 5 to 0 6 6 "J”tim per pound of milk 
pound of milk Values as low as 0 36 8 P„iod of three 

have beca claimed not to cause any jU , 7 have been 

lactations The requirements given in APP=“d“ _ jj,ghcr than 
derived by factorial calculation and ate proba 7 8 7 ^ a 

the minimum requiremeut. but are considered necessary 
normal hfe span and satisfactory reproduction allowances 

Balance experiments have shown that even vw 

of calcium and phosphorus ate frequently inadequat , ,at,on, 

of the cow for these elements dunng the early P?" “ 'f„f 'alcium 
whereas in the later stages and in the dry P”‘'’‘* ® L cumu 

and phosphorus takes place Fig 15 6, for example, rho 
lativo weekly calcium and phosphorus balances Ihroug ,,,j p, 

seven week lactation for a mature Ayrshire cow producing 1 . 
of milk Despite the negative balances which occurred 
sidetable periods early m lactation, there was a net P“S‘'" . 
over the lactation and dry penod as a whole It has therefore 
normal practice to consider the complete lactation in assessing 
and phosphorus requirements, early negative balances are reg 
as normal, since no lU effects are evident as long as subsequent r p 
ishmcnt of body reserves takes place, and daily requirements for 
and phosphorus arc recommended on the basis of total pro u 
over the lactation U has been suggested that 45 g of 
CO g of phosphorus per day arc adequate for a cow yielding 11, W 
of milk o\cr the lactation, other workers consider that 39 gofcalciu 
and 33 g phosphorus arc sufficient for similar yields Nevertheless, 
though the lactation approach is satisfactory m many cases, consi c 
able trouble may ansc if the allowances used arc too low '*1^ 
shortage is senous, progressive weakening and breaking of the 
may result, and m less severe cases a premature drying off, v/bic 
reduces >icld and shortens the productive hfe of the cow There 
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seems to be little reason why calcium and phosphorus requirements 
should not be based on daily or weekly yield measurements Negative 
balanees in early lactation will thus be reduced and the dangers of 
undemutrition lessened 

Dietary defieiencies of phosphorus have a greater effect than those of 
calcium, since for calcium there is a considerable bone reserve which 
can be mobilised Phosphorus cannot be mobilised from this source, 



FiO 35 6 Cumulatjvc baJanccs of calcjum and phosphorus dunng 
lactation (47 weeks) and diy period (From H B Elicnberger, 

J A New lander and C H Jones 1931 Dull Vt agne Exp Sitt 
No 331) 

ami the bone reserves arc therefore useless unless dietary calcium is 
deficient as well as dietary phosphorus Apart from this source, the 
animal is entirely dependent on the food for its supply of phosphorus 
Lactating cows arc usually given a sodium chlondc supplement. 
This is done by adding the salt to the food or by allowing continuous 
access to salt licks The pnmaiy need is for sodium rather than 
chloride, vs Inch is more plentiful in nomnl diets A deficiency mani- 
fests Itself in a loss of appetite, rough coal, hsticssness, loss of weight 
and a drop m milk production S lU hunger and low levels of sodium 
m plasnu and urine may o<.cur m Ui^i yielding cows after as little as 
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three vieeks if diets are a year 

mauy, loss of appetite, 've'sHf a"d producuon y^^ ^ ^ f 

to appear The net requirement for sodium > ^^ommended 

milk or about 0 7 g of sodium oblong “ ‘\“o„l/be provided m 

either that 28 g of sodium chloride d y h <,f sodium 

addition to that present m the food, or that I P 
chlondc should be added to the concentrate ration 


Vilamm Requirements , proper 

Vitamins are required by the lactatmg anim ^ also 

funcuoning of the physiologic^ pro^s of ™ P ^ t there is a 
as constituents of the milk itself It h« yet to b= * 0 ™ m 

requircmcnlofvitaininsspecificallyforlaclation,alth g t^^oUn 

hate a role m the synthesis of milk constituents, M ^on- 

has in the synthesis of the fat Most of the P sufficient for 

elusion that, provided levels of vitanuns in the die further 

maintenance, normal growth and reproduction, vitamins 

allowance for lactation need be made But normal I®'''" V 5 n 

in the milk must be maintamed, and sufficient amounts mu 
10 allow for this The B-vitamins ace an exception, since an a 4 ^ 
supply becomes available as a result of microbial synthesis in j 
Mamlenancc of normal viumm levels m milk is particularly i P 
where imlk is the sole source of vitamins for the young anima , 

example with the >ouns pig from 

Milk has a viiamm A potency of about 800 1 U per lb Apart 
the almost colourless vitamin A» milk contains variable amounts o 
precursor ^-carotene This is a red pigment, yellow in dilute solutio » 
as m milk, to which it imparts a rich creamy colour The vitamin ^ 
potency of milk sancs widely, being particularly sensitive to change 
1 dietary levels even though only about 3 per cent of the intake fin 

-of the 


Its way into the milk. Thus green foods arc excellent sources 


provitamin, as is shown by the deep >cHow colour and the high potency 
of the milk produced by grazing cows Feeding w^th v iiamm A con- 
centrates in excess of levels adequate for reproduction may increase 
the potency by up to twenty times, but has no effect on the > 121 *^ 
the gross composition of milk. Considerable storage of vitamin / 
nu> occur in the body, and these reserves may be tapped to maintain 
levels in the milk Sini.e the newborn ammnt has no vitamin A reserves 
It IS entirely dependent upon milk for its supply, and it is essential to 
feed the rroUkCr dunng pregnancy and lactation so as to maintain levels 
m i*vc mlk So problem arises wuh cattle and sheep which arc given 
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early access to green food, but great care is required with pigs, whose 
young are entirely dependent upon milk fof a longer period. 

When lactating dairy cows are kept on diets deficient in vitamin D, 
and irradiation is prevented, deficiency symptoms appear, showing 
that the vitamin is essential for normal health. There is no evidence 
however to show a requirement greater than that which supports main- 
tenance and reproduction. The vitamin D potency of milk is largely 
influenced by the extent of exposure to sunlight. Large intakes are 
necessary for small increases in the level in milk. Vitamin D has little 
effect on the negative balances of calcium and phosphorus during early 
lactation, but very heavy feeding (with 30,000,000 I.U./day) for three 
to seven days pre partum and one day post partum has been claimed 
to control milk fever (see p. 77). 

Dietary intakes of the B-vitamins are of no significance in ruminant 
animals because of ruminal synthesis. It is probable, however, that a 
physiological requirement exists for many of them as part of the 
complicated enzyme systems involved in milk synthesis, and for main- 
taining normal levels in the milk. 

The Effect of Limitation of Food Intake on Milk Production 
There is a great deal of evidence to show that reduction of food 
intake has a profound effect upon both the yield and the composition 
of milk. 

Where cows are kept without food, the yield drops to very low levels 
of about a pound per milking within three days. At the same time 
the solids-not-fat and fat contents rise to about twice their previous 
percentages, this increase being a concentration effect resulting from the 
reduced yield. Less severe limitation, to about half the production 
intake indicated by standards of 2*6 lb SE and 0*52 lb PE per gallon 
of 4 per cent, fat milk, again reduces yield; the percentage of solids-not- 
fat is lowered but that of the fat is variable (Fig. 15.7). 

Limitation of the energy part of the diet has a greater effect than 
protein limitation on the solids-not-fat content of milk, although it is 
the protein fraction of the solids-not-fat which is reduced in both cases. 
Thus a 25 per cent, cut in energy intake had a greater effect than a 
40 per cent, cut in protein intake when compared with a diet based on 
the standards given above (Tabic 15,13). The fat content of the milk 
was unaffected by the dietary changes. 

Throughout the winter feeding period in the United Kingdom there 
is a decline in milk yield and in solids-not-fat and fat content in most 
herds, the rate of decline being most marked during the last l\v o months 
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of the period. Recent work has ^^prevent to 

than is required by the Woodman ^ i^lil and solids- 

from mking place. The tradmonalpatttrn«fo^ 

The position is wcU illustrated inTable 15.14. 



r». 15.7. niccl of cutUilms nutnent intake to half the rcquir^ 
psilk errmpamion and yicIJ. (After W. RiiWct e» o/. IWl. 

13 A, SO) 


Tama 13 13. UTect of Reduced LocU of Energy and Protein Intake 
on the Percentage COTipociUon of Milk 
(After S. J. Ro-aUnd, 1946, Dairy l/uluitrlts, 11, 9) 

Dui SothU-nol-faJ Protein Lactose 

SorrroJ* S GS 307 ■*•7* 

(O per cetX of net mal protein S 50 2 95 

75 per ectX cf ectnul obagy 8 34 2 S6 

* 60 tbSE and 0 6 lb PE for maintenance of a 1000-lb cow per day +2 6 lb SE 
and 0 52 lb PU pu 10 tb of 4 pet csnL (at twitf 



STANDARDS FOR REPRODUCTION AND LACTATION 285 


Concurrent with the change to pasture feeding in spring is a fall 
in the fat content of the milk. Spring pastures have a low content of 
crude fibre and a high content of soluble carbohydrates; other diets 
having similar characteristics also bring about a decline in milk fat. 
The effect of reducing fibre intake and of fine grinding of the fibre is 
shown in Table 15.15. 


Table 15.14. Effect of Plane of Nutrition in Late Winter on Changes in 
Yield and Solids-not»fat after 18 Da>s on Spring Grass 
(After J. A. F. Rook et al.^ 1960. J. Dairy Res., 27, 427) 


Late winter diet 


Change in percentage 
of solids-not-fat 


Change in yield 

m 


Control • 

75 per cent, of control 
130 per cent, of control 


-fO-11 

+0-33 

- 0-12 


-f2-13 

+7*70 

~ 0'68 


• Based on an allowance of 7 lb SE for maintenance of an 1 1-cwt cow per day -f 
2-5 lb SE/gal milk. 


The effect of low-roughage diets, or of diets where the hay is ground, 
is accentuated by a high soluble caibohydrate content, as in pasture 
herbage. Increasing the solubility of maize carbohydrate in the diet 
lowers the fat content of the milk produced, and this is associated with 
a fall in tlie proportion of acetic acid in the rumen volatile fatty acids 
(Table 15.16). 

Table 15.15. Comparison of Fat Contents of Milks produced on various Diets 
with that of Milk produced on a Diet containing 12 !b of Hay+Conccntratcs 
(After C. C. Balch et ci., 1954, J. Dairy Res., 21, 172) 

Diet Change in percentage of milk fat 

8 lb hay-f concentrates —1*16 

8 lb ground hay-f concentrates —1*72 

4 lb hay-f concentrates —1*12 


The fall in fat content in such cases is due to a net reduction in milk 
fat synthesis, for which acetate is the main precursor. The acliicvc- 
raent of the ideal type of rumen fermentation, yielding the right mixture 
of volatile fatty acids for milk production, demands a nice balance 
between roughage and concentrate in the diet. A certain minimum 
of roughage in the long state is essential to maintain fat content, 
and it must be enough to ensure a level of 7*5 to 8 per cent, of crude 
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fibre in the dry mailer of Ihc J'^/jicUry dry matter, then 

fibre content exceeds about 16 P« ^ rcficctcd m lo«« 

the efficiency of milk production falls and t 

^Iteisatendencyfordictaryfattobcr^ 

of energy Houever when ®jepnvJ of fat. they fad 

are given diets adequate in cner® ,, j xhe necessity for 

to grow, develop dermatitis and eventually di 

dietary fat arises from the fact ‘hrit it s“PP ‘‘t (. farm 

essential fatly acids (p 23) ' /been made, probably 

animals for essential fatty acids seem ' ^ provision is 

because natural foods contain adequate amounts an 
not a problem in practice It has been shown, however. 


Table 15 16 Relation of Dietary Coolosl Starch to Nhlk Fat Conte 
Table 15 16 k R„„ca Volalilc Fatty Aetds 

(After W L Ensor er of . 1959 J Dm,, Scl 4Z, 159) 

Afaforprrcriirwr a/ 
total runjen vclaUie 
fatty aeids 

Fereentoge change Acetic 
0,et m fat content ocid 


28-32 lb ground and pelleted hay 0 

28 lb ground and pelleted hay 

+ 4 lb ground maire — 13 

28 lb ground and pelleted hay 

+4 lb cooked maize —53 


67 9 

20 2 

619 

25 1 

53 9 

31 1 


IS replaced by an isocalonc amount of starch m the diet of the lac 
cow then milk yields may be lowered, and there is also some evi e 
that diets having 5 to 7 per cent of ether extract produce more m^^ 
than diets contaimng less than 4 per cent Nevertheless care mus 
taken that certain highly unsaturated fats are not given to excess, 
fat content may be reduced cod liver oil at levels of 6 to 8 oz per 
can reduce fat content by as much as 25 per cent , and herring 
has a similar effect Levels of up to 12 per cent of fat in the diet 
been given to dairy cows without ill effects but here the fat was big > 
saturated and was of ma mmalian ori^n The level of fat which may 
safely included m the diet of the lactatmg cow is important m view 
of its high energy value which makes it convenient for inclusion m 
high energy dairy cakes 
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■ NUTRIENT REQUIREMENTS OF THE LACTATING DAIRY GOAT 

Iq addition to the dairy cow, the goat is also used in the United 
Kingdom for the commercial production of milk for human consump- 
tion. Yield varies with breed (see Table 15.17) and with stage of lacta- 
tion, the peak yield occurring at about four weeks. A lactation 
normally lasts for about eight to nine months, during which time up to 
3000 lb of milk may be produced. Breed and stage of lactation affect 
also the composition of the milk. Total solids content falls to a 
minimum value at about four months, rises for the succeeding three 
months and then remains constant until the close of the lactation. 


Table 15.17, Yield and Composition of Milk for various Breeds of Goats 
(After F. Knowles and J. E. Watkin, 1938, /. Dairy Res., 9, 153) 




Crude 



Lactation 


Fat 

protein 

Calcium 

Phosphorus 

yield 

Breed 

(per cent^ (per cent) (per cent.) 

(per cent.) 

m 

Anglo-Nubian 

5-6 

3-85 

0156 

0-139 

1846 

British Saanen 

41 

310 

0'126 

0-104 

2917 

British Alpine 

4-3 

3-27 

0137 

0-118 

2500 

British Toggenburg 

4-5 

3-41 

0-144 

0-126 

2393 


As with the milk of the dairy cow, the energy content of goafs milk 
may be calculated from the fat content. The equation * is 
y = 39-618 + 9'564;c, 

where y = kcal/l(X) ml and x — percentage of fat. 

A milk witli 4 per cent, fat would then have a calorific value of 354 
kcal/Ib. The efficiency of utilisation of metabolisable energy for 
lactation is probably very similar to that for the cow, i.e. about 70 per 
cent., which means that 506 kcal metabolisable energy or 0-28 lb starch 
equivalent is required to produce one pound of milk. Such a milk 
would contain about 3*3 per cent, protein, 0*13 per cent, calcium and 
0*11 per cent, phosphorus. From a comparison with standards used 
for the dairy cow, requirements based on these figures may be calculated 
to be 0 052 lb digestible crude protein, 0*9 g calcium and 0*7 g phos- 
pliorus per pound of milk. In addition the laclating goat requires 
0'6 g sodium chloride per pound of milk produced. 

NUTRIENT REQUIREMENTS OF THE LACTATING EWE 
Tlic betation of the ewe usually lasts from twelve to twenty weeks, 
although individuals show very considerable variations. Stage of 
• From W. li, PctcTicn and C, W, Turner, 1939, /. AW., 17, 293. 
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ewes m Fig 15 S 



Fio 15 8 Effect of staje of UcUlion on milk yield of the ewe 
(From L R Wallace 1948 J osnc Sci 38, 93 ) 

EffecI ofsiageof laclalion on milk yield of Ihe ewe llims 

la«d that about 38 per cent of the total yjeld is “fe, 

four -weeks of lactalion, 30 per cent m the succeeding t 
21 per cent in the next four weeks and 11 per cent m the , 

weeks Companson of the milk yields of different breeds xs 


Table 15 18 Laclalion Yields of different Breeds of Sheep 
Duration of lactation 

Breed iweeks) 


Suffolk 20 

Border Leicester X Cheviot 16 

Romney 12 

Cheviot 13 

Blackface 8 

Menno 12 


294 

366 

267 

205 

192 

144 


Since the data have been obtamed under widely diffenng climatic con- 
ditions, levels of feeding and sampling techmques They indicate, 
however, that breed differences do exist (see Table 15 18), and tha 
within breed differences are frequently large 

Ammals suckhng more than one lamb produce more milk than those 
suckhng single lambs The figures may be as far apart as 240 and 352 
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pounds respectively for lactation yields for Suffolk ewes with single 
and twin lambs, and 307 and 514 pounds for Border Leicester-Cheviot 
ewes. The higher yield is probably due to higher frequency of suckling 
and greater emptying of the udder, indicating that a single Iamb is 
incapable of removing sufficient milk from the udder to allow the full 
milking potential of the ewe to be fulfilled. 

Data on the composition of the milk of the ewe are very scarce. 
Such factors as sampling techniques, stage of lactation and milking 
intervals all affect composition and figures are not strictly compar- 
able. The effect of breed is shown in Table 15.19. 

Table 15.19. Effect of Breed on the Percentage Composition of Ewe’s Milk 
(After R, E. Neidig and E. J. Iddings, 1919, /. agric. Res., 17, 19) 


Breed 

Fat 

Solids-not’fat 

Hampshire 

71 

9*75 

Cotswold 

7*7 

9*52 

Shropshire 

8*1 

9*67 

Southdown 

7*5 

10*36 


The average composition of ewe’s milk is given in Table 15.6, and a 
calorific value of about 550 kca!/lb may be calculated. By analogy 
with the dairy cow the efficiency of utilisation of metabolisable energy 
for lactation in the ewe may be taken as about 70 per cent., so that the 
metabolisable energy requirement per pound of milk produced is 
550 X 100/70 — 786 kcal of metabolisable energy. 

From tlie average figures for crude protein, calcium and phosphorus 
and by using the same approach as for the dairy cow, the requirements 
per pound of milk produced may be calculated to be 0*09 lb of digestible 
crude protein, 2-0 g of calcium and 1-2 g of phosphorus. In rationing 
the ewe an assumption of yield has to be made. In Rations for Livestock 
the figure used is 3 gallons per week or about 4i lb per day, but this 
takes no account of the variation during lactation which is shown in 
Fig. 15.8. From this point of view the approach of the National 
Research Council is preferable: if wc assume a yield of 4^^ lb per day 
for the first eight to ten weeks, and 50 per cent, of this value thereafter. 
A lactating ewe would tlicn require 3537 kcal metabolisable energy 
(1*9 lb SE), 0-41 lb DCP, 9-0 g calcium and 5*5 g phosphorus per day, 
in addition to its maintenance ration, during the first ten weeks of 
lactation; Uic addition of half of these quantities to a maintenance 
ration should suffice thereafter. Tlic figures given in Appendix Table 9 
are so derised. 
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nutrient BEQUIRE.IENTS OF THE LACTATING SOW 

A lactation normally production 

maximum yield occurs at ^ ^ ^ ,i,s fifth week, 

remains relatively constant from the tint 


The 

then 

and 


Table 15 20 Vanation m Milk ^^w.aun'g 

‘E’;5-?Mo“rr/rS“ Urworm Tendon, 


Week of lactation 


Percentage vanation from 
the mean 

Mean daily yield (lb) based 1 1 5 
on 14 lb mean 


1 2 3 4 S 6 T 8 

82 107 115 115 115 107 87 76 >00 

15 16 16 16 15 12 10 5 


declines thereafter Yield vanes also '“‘•h 

increasing with the number of piglets suckled although th y ^ 
piglet declines (see Tables 15 20 and 15 21) E^lima es of da*®^ 
yield in the sow vary considerably, but the mean figure ol i'* h 
m the tables is widely accepted 

After the first week, which is a colostral period, the tow 
content of the milk remams constant The fat content falls ro 
third week, while the sohds not fat nses owing to an mcreas 
protein content 


Table 15 21 Vanation in Milk Yield of the Sow with Vanation ui 

Litter Size f p.gf 

(From O A Lodge 1962 The nutntion of the lactatmg sow In Nutrition j 
and Poultry ed by J T Morgan and D Lewis Butterworth London; 

Litter size 

3 4 5 6 7 8 9 10 11 

Mean daily recorded yield 7 5 — 11 6 13 6 IS 6 17 8 18 8 19 5 19 9 20 3 

Ob)* 

Mean daily yield (lb) based 59 77 9 2 10 7 12 3 14 0 14 9 15 5 15 8 
on 14 lb for a litter of 8 

•DaUofS BergeandT indrebo 1953 Meld Norg LandbrHoisk 33,389 
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Energy Requirements 

The net requirements for energy for the lactating sow are the sum 
of the energy expended m maintenance and the gross energy of the 
milk produced For a 450-lb sow the basal metabolism may be calcu- 
lated to be4265kcal,andifweallow30percent ofthe basal metabolism 
for activity we obtain a maintenance requirement of 5545 kcal The 
need for digestible energy to satisfy this requirement is 

5545x100/75 = 7393 kcal 

when the efficiency of utilisation of digestible energy for maintenance 
IS 75 per cent 

The requirement for milk production may be calculated as follows 
Assume a litter of 8 piglets and a daily milk production of 14 lb The 
gross energy of the milk, calculated from data m Table 15 6, is 591 kcal/ 
lb, giving an energy content of the milk secreted daily of 8274 kcal 
The net utilisation of digestible energy for lactation is about 70 per cent 
The digestible energy requirement for lactation is then 

11,820+7393 = 19,213 kcal/day 

A typical pig meal might have a digestible energy content of 1300 kcal/ 
lb, and the meal requirement of the sow would then be about 14J lb 
per day In terms of the meal suggested in Appendix Table 10 the 
requirement would be about 13 lb per day 
The validity of the results of such factorial calculations depends in 
turn upon the validity of the assumptions upon which the calculations 
arc based The critical assunvpUons in this case arc the yield of milk, 
and that the maintenance requirement of the lactating sow is the same 
as that of a non lactating sow There is evidence that the maintenance 
requirement is in fact considerably greater, and it has been suggested 
that, instead of treating maintenance and lactation separately, a gross 
efficiency of energy conversion for lactation should be used m calcu- 
lating energy requirements The gross efficiency is the energy value 
of the milk as a percentage of the digestible energy of the feed, and is 
considered to be about 45 per cent Assuming a gross energy value of 
1 25 kcal/g for milk, and allowing for the differences m yield with 
lactation stage and litter size shown m Tables 15 20 and 15 21, the 
energy requirements for sows with different sizes of litter at dilTcrcnt 
stages of lactation ha\c been calculated These requirements, in terms 
of a meal having 1300 kcal digestible energy per lb, arc given m Tabic 
15 22 
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These and Ae previously derived luowances 

cousiderably above the ^ommoriy ^ ^gTe, . e 10 lb of meal for a 
of 2 lb of meal for the sow and 1 lb per pigior. 

sow with 8 piglets , to gam weight 

In present day conditions it is 0“™“' ‘ of the foUowmg 

durmg pregnancy and to ^ to bndd up reserves 

lactauon Dnnng pregnancy food « '>“”8 „„ niatenal for 

which are subsequently mobihsed “ ^ , j ,5 of food ate made 

laetation This process occurs even where high levels 

TsBia IS 22. Estimated Daily Meal ® I^lriLn e/W 

IVeek of lactation 


7 g Mean 


9 

10 
11 
12 


48 
63 
7 5 


67 


44 

58 

69 

10 


63 67 67 
82 88 88 88 
w 9 8 10 5 10 5 10 5 9 8 

88 114 122 122 122 11 4 - - - 

10 1 13 2 14 0 14 0 14 0 13 2 10 6 9 2 

11 5 150 160 160 160 150 120 10 5 

12 2 15 9 17 0 17 0 17 0 15 9 12 8 11 2 

12 7 16 6 17 7 17 7 17 7 166 133 11 6 

130 169 180 180 180 16 9 13 6 11 9 

13 1 17 I 18 2 18 2 18 2 17 1 13 8 12 0 

• Meal viilh a digesUble energy value of 1300 kcal/lb 


59 
77 
92 
10 7 
12 3 
14 0 

14 9 

15 5 
15 8 
160 


available to the lactaUng sow, and it has been suggested that P 
vision of such IcncIs is only economic where gain m weight 
pregnancy is Unuted to that ansing from Ihe laying down of the p 
ducts of conception, the raw material and energy for milk pro uc i ^ 
must eventually come from the food, and it is suggested that this 
be done more efficiently by direct provision of food during lacta ^ 
than by using the pregnant animal as an mterracdiary A true 
sowbodyw eight of 15-20 lb gives belter reproductiv e performance, an 
certain amount of laying doivn of reserves destined to be used up m 
subsequent lactation is acceptable Where higher feedmg levels sue 
as those given in Tabic 15 22 are used, it has been found that sows lose 
less weight and produce more milk than ammals fed conventionally 
On the oihcr hand the piglets reared on sows receiving the high intakes 
showed no significant advantage This was partly because the 
yielding sows produced richer milk, and partly because the increased 
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yields were obtained after the third week when creep feed was being 
eaten, and the piglets on the low-yielding sows ate more of this than the 
others. Consumption of creep feed, however, is variable and cannot 
always be relied upon to make good deficiencies in the milk yield of 
the sow; for safety it would therefore be preferable to feed the piglets 
via the milk rather than by the more efficient direct creep feeding. 

Protein Requirements 

The net protein requirement for a lactating animal is made up of that 
required for maintenance plus that secreted in the milk. As with the 
maintenance requirement for energy, estimates of protein requirements 

Table 15.23. Amino Acids Requircincnts of Sows for Milk Production 

Amino acid Per cent, of milk • Requirement {glib of milk) t 
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acids calculated from them The estimates are 
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acids calculated from them The ^ value of 70 

digestibihtyofSOpercent and an assumed bio g 


Mineral Requirements „,„,rak other than calcium 

There is no diet of lactating sows at 

and phosphorus have to be provided in jeproducUon 

levels above those necessary for maintenance J.usation of 

Balance experiments indicate that the gross Table 15 6 

calcium and phosphorus for lactation is ^ ^ of calcium and 

shows that the milk of the sow contains 0 25 per ce 
0 17 per cent of phosphorus ^ f « P'“'*““^^oVVoXrus The 
would thus be secreting 16 g of calcium and 1 1 B P P^y be 32 B 
dietary requirement to enable this to be mamta this 

calcium and 22 g phosphorus In a ^ - Bosphorus 

would require 0 5 per cent calcium and 0 35 per ° P^o^ „fety 
The requuements given m AppendixTable 10 include marg 

of 10 to 15 per cent 


ruamm Requirements ...rements 

Little information is available concenung the vitaimn req 
for lactation of the sow Those given in Appendix Table 
same as for the pregnant sow The assumption is made 
which allow normal reproduction and mamtenance are adeq 
lactation 
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Chapter 16 


GRASS AND FORAGE CROPS 


Pasture 


The natural food of herbivorous domestic animals is pasture herbage, 
and for a large part of the year this food forms all or most of the diet 
Grasslands may be divided into two main groups, natural grassland^ 
which includes rough and hill grazing, and cultivated grassland, which 
may be further subdivided into permanent and temporary pastures 
The latter form part of a rotation of crops, whereas permanent pasture 
is intended to remain as grass indefinitely Natural grasslands normally 
include a large number of species of grasses, legumes and herbs, 
whereas cultivated grasslands may consist of pure species or mixtures 
of relatively small numbers of species 


Cheimcal Composition 

The composition of pasture dry matter is very variable, for example, 
the crude protein content may range from as little as 3 per cent m \try 
mature herbage to over 30 per cent in young hcavily-fcrtilist-d gr iss 
The crude fibre content is broadly related inversely to the crude prote ii 
content, and may range from 20 per cent to as much as *10 ptr cent 
in very mature samples , 

The moisture content of pasture is of particular importance whem i 
crop IS being harvested for conservation, and is high m t u. ^ ^ I* ^ 

of growth, usually between 75 per cent and 85 per cent , am ^ , 

plants mature to about 65 per cent In addition to stage of groulh. 
^^calhcr conditions greatly influence the moisture 
The soluble carbohydrates of grasses include ^ ^6 ) 

glucose, fructose, sucrose, 1 ^ 0.0 d^ 

Thcir total percentage is very variable, nng g 

as httle as 4 per cent m some cocksfoot vam-tics to over 30 per cent 

m certain varieties of Italian oegras* ^ nrrrr-nr 

Ti n 1 i« Generally Within the range per cent , 

sM..lc'hcmrcc°lluloscs may vary from 10 to 30 per cent of the dry matter 
Both these polysaccharide components increase nith maturity, so 
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also docs the hgnm, tvMi whKh fre 

useful nutrients except the soluble carbobydra , 

are the ntatn nttrogenous 

although the total protein content decreases wit _ p ^ems ate 
propomons of anuno aads do not alter ^t^^^/appreciable 

particularly rich in the ammo nftrogenous 

amounts of glutamic acid and lysine ^ , state of the 

(NPN) fraction of herbage vanes w“h the P ^ . j „s the higher 

plant Generally.themotefavourablethegtowtheond^^^^^^^^^j^^j^ 
IS the NPN content as well as the total nitrogen valu , 

Tabu 16 1 Percentage Composiuon of the f 

Italian Ryegrass cut at a Young Leafy Stage 

?ro:tima»e composifio/i Carbohydrates 


Nitrogenous 

components 


Other 

constituents 


Crude protein 18 7 
Ether extract 3 5 

Crude fibre 23 6 

Nitrogen free 

extractives 44 1 

Ash 10 2 


Glucose 22 TotalN 30 l-.gnm83 

Fructose 19 Protein N 2 7 

Sucrose 3 5 Non protein N 0 3 

•Oligosaccharides 2 0 
Fructosans 5 6 

GaUctan 1 1 

Araban 3 0 

Xylan 11 8 

Cellulose 26 2 


• Excluding sucrose 

mature both total N and NPN contents decrease The main com 
ponents of the NPN fraction are amino acids, and amides sue 
glutamme and asparagine, which are concerned m protein synt esi . 
nitrates may also be present, and considerable attention has ^ 

been given to the presence of these m pasture herbage because oft d 
toxic effects on farm animals It has been reported that toxic symptom^ 
may occur m animals grazing herbage containing more than 0 07 p 
cent nitrate nitrogen in the dry matter (equivalent to 0 5 per cent 
smm nitrate), while amounts greater than 0 22 per cent may be letha 
In feeding trials, however, concentrations considerably above these 
levels have been tolerated. Nitrate is converted into nitnte m the 
digcstiv c tract and when absorbed results m the formation of methaemo- 
gjobm (oxidised haemoglobin), toxic symptoms include trembling, 
staggering, rapid respiration and death The nitrate content of grasses 
vanes with species, vancty and manuring, although the amount present 
is generally directly related to the crude protein content 
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The lipid content of pasture, as determined in the ether extract 
fraction, is comparatively low and rarely exceeds 4 per cent, of the 
dry matter. Oils extracted from grass and forage crops have been 
shown to be rich in unsaturated fatty acids. 

The mineral content of pasture is very variable, depending upon the 
species, soil type and fertiliser application; an indication of the normal 
range in content of some essential elements is given in Table 16.2. 


Table 16.2. Ranges of Essential Element Contents of Pasture Grass* 


Element 

Low 

Normal 

(percentage of dry matter) 

High 

Potassium 

<10 

1-2 —2-8 

>3-0 

Calcium 

<0-3 

0-4 —0*8 

>1-0 

Magnesium 

<01 

0*12— 0-26 

>0-3 

Phosphorus 

<0*2 

0-2 —0-35 

(ppm of dry matter) 

>0-4 

Iron 

<45 

50—100 

>200 

Manganese 

<30 

40—200 

>250 

Copper 

<3 

4—8 

>10 

Zinc 

<15 

20—80 

>100 

Cobalt 

<008 

0-08— 0-25 

>0-30 

Molybdenum 

<0-4 

0.50—3-0 

>5 


* Legumes generally contain rather higher levels of calcium, magnesium, copper 
and cobalt, so that mixed herbages containing clover tend to be richer in these 
elements. 


Green herbage is an exceptionally rich source of carotene, the pre- 
cursor of vitamin A, and quantities as high as 550 ppm may be present 
in the dry matter of young green crops. Herbage of this type supplies 
about 100 times the requirement of a grazing cow when eaten in normal 
quantities. 

It has generally been considered that growing plants do not contain 
vitamin D, although precursors are usually present. Recent studies 
suggest, however, that vitamin D may be present in herbage but in 
relatively small amounts. The increased vitamin D content of mature 
herbage compared with young material may be due in part to the pre- 
sence of dead leaves in which vitamin D 2 has been produced from 
irradiated ergostcrol. 

Most green forage crops arc good sources of vitamin E and of many 
of the B-vitamins, especially riboflavin. 

Factors Injluendng the Nutritive Value of Pasture 

Species. The agricultural value of any particular species in a grass- 
land sward depends upon many factors other than the nutritive value. 
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lyo C of 

The pttsisnn“ “"I mi'iure for soomS 

percind). Italian ryegrass (Lolnim f^cue (Fesluca 

glomeraia), timothy (Plilewn pmunse) mixtures 

pruleiirir) is high, and these spee.es ^ ,3 Yorkshire 

for temporary pastures On the ®‘''“ ^ p , pjp regarded as m- 

fog (Holcus Imalus) and the bents (,Agroslis spp ) ^ulcading as 
fencr grasses This elassiBeation of spee.es -"“y “ ^pf gioivtb 
regards nutritive value smee most passes in t e y ^ g 
have a relatively high feeding value, but the P Among the 

inferior grasses is more marked with the ^ ^ exist between 

better grasses, dilferences m composition and digcstibil y 

species and even varieties „ came roorpho- 

It IS frequenUy assumed that different grasses at t 
logical stage have the same digestibility cocksfoot has 

that this IS not always so, and experiments in which S jr “ . , 1 ,b 

been compared with Su and Sj, ryegrasses suggest that, idtho ^ 
ryegrasses are similar in organic matter digestibihty when cut 1 1“^ 
same stages of growth, the digestibihty of mage 

cocksfoot at the same growth stage is lower by about 6 p 

'"vanations m carbohydrate content occur between species, for 
example, cocksfoot is generaUy of lower soluble carbohydrate con 
than the ryegrasses, although considerable vanelal diHcrc 
in any one species have been reported With soluble carbohy 
seasonal and environmental effects are probably of major importan 
Although the species of grasses mentioned so far are the most im 
portant m temporary pastures, there are a number of moor an 
species which provide valuable grazing on hill and marginal lao 
The moorland grasses m these permanent pastures include sheep 
fescue {Fesiuca ovma) the common and brown bents {Agrostis spp h 
white bent {Nardus stnetd) and flying bent {Mohma caeruled) Many 
of the moorland grasses arc valuable sources of nutrients m the spring 
and early summer, the mature grasses tend to be more fibrous and o 
lower digestibihty than the more productive speaes These moorlao 
grasses can be regarded as ‘ seasonal foods ’ 

Clovers are generally ncher m protem and mmerals, especially 
calcium, phosphorus magnesium, copper and cobalt, than the grasses 
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The commonest clovers which occur in pasture are the white clovers 
{Trifolhim repens)^ and the red clovers {Trifolium prateme). 

The sugars present in clovers are similar to those in grasses, the main 
sugar being sucrose. Fructosans are generally absent, but starch, 
which is not usually present in grasses, may occur in clover, and con- 
centrations of this polysaccharide as high as 5 per cent, have been 
reported in the dried leaves of red clover. 

Herbs such as chicory (Cichoriwn iniybus), plantain {Plantago spp.), 
yarrow {Achillea millefoliuni^ and burnet (Poterium sanguisorba) are 
sometimes present in pastures and are excellent sources of many of the 
essential major and trace elements, particularly calcium, phosphorus, 
magnesium and manganese. Burnet is specially rich in magnesium, 
and values as high as 1 ‘4 per cent, in the dry matter have been reported. 

Stage of growth. Stage of growth is the most important factor 
influencing the composition and nutritive value of pasture herbage. As 
plants grow there is a greater need for structural tissues, and therefore 
the structural carbohydrates (cellulose and hemicelluloses) and lignin 
increase. This is reflected in the crude fibre content, which in the dry 
matter may increase from below 20 per cent, in the young plant to as 
much as 40 per cent, in the mature crop. As the plant ages the per- 
centage of protein decreases ; there is therefore a reciprocal relationship 
between crude protein and crude fibre contents in a given species, 
although this relationship can be upset by the application of nitro- 
genous fertilisers. 

The variations in chemical composition of timothy at diflferent 
stages of growth are shown in Table 16.3. In addition to the changes 
in crude protein and carbohydrates, changes also occur in the mineral 
or ash constituents. The total ash content decreases as the plant 
matures. This is reflected in the calcium content, which follows a 
similar pattern to that of the total ash in grasses. The magnesium 
content is generally high in the early spring, but falls off sharply; 
during the summer it rises, reaching high values in the autumn. 

The digestibility of the organic matter is one of the main factors 
determining the nutritive value of forage, and this may be as high as 
85 per cent, in young spring pasture grass and as low as 50 per cent, 
in winter foggage. Although there is a relationship between stage of 
growth and digestibility in that digestibility decreases as plants mature, 
the relationship is complicated by there being a spring period of up to a 
month during which the herbage digestibility remains fairly constant. 
This period has been described as the ‘ plateau ’. The end of this period 
is associated in some plant species with car emergence, after which 
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digesubihly Of organic matter may decrease abruptly at the rate of ha 

“rw":;iVenangthearnou.itofrtut.rentsava.^^^^^^^^ 

(see Chapter 10) , growth is also reflected 

^ The decrease m digestibility with stag g g^, 

m the net energy values, as shown m Table 16 

TABCB 16 3 Chemical Composition ot EsUblished Timothy at Different 
** Suees of Growth ^ ^ -- 179^ 

(After R Waite and K N S Saslry, 1949. En,P J . 

Composition of dry matter 


Cud, Tru, <>"* f'l’l' Mu'M'f 


Dale [yer cent) (per 


May 20 
26 

June 2 
10 
16 
23 
30 

July ^ 
14 


IS 4 
18 8 
14 2 
10 6 
92 
1 I 
63 
68 
55 


16 5 
15 7 
12 8 
88 
87 
5 8 
5 5 
44 
38 


274 

273 

156 

128 

108 

74 

72 

66 

88 


203 
232 
26 3 
28 7 
308 
32 6 
304 
312 
321 


3 54 
3 56 
3 74 

2 91 

3 02 
218 
212 
1 79 
1 64 


8 00 
8 50 
7 15 
7 72 
6 86 
6 50 
5 98 
612 
562 


77 2 
81 6 

79 0 

80 6 
761 
72 2 
65 5 
65 2 
65 0 


ryegrass The low net energy value of mature herbage is not y 
to a low organic matter digestibility, but is also associated wi 
concentration of cellulose This polysaccharide encourages, m 
rumen, high levels of acetic acid, which has a low efficiency 
utilisation for the production of depot fat (see Chapter 11) 

Soils and fertiliser treatment The type of soil may . 

composition of the pasture, especially its mineral content ^ 
normally react to a mineral deficiency m the soil either by limiting t 
growth or by reducing the concentration of the element in their tissues, 
or more usually by both 

The acidity of the soil is an important factor which can influenc^ 
m particular, the uptake of many trace elements by plants Bot 
manganese and cobalt arc poorly absorbed by plants from calcareous 
soils, whereas low molybdenum levels of herbage are usually associated 
with acid soils Tcart, associated with high herbage molybdenum 
IcNcls, generally occurs on pasture grown on soils derived from Lower 
Lias clay or limestone 
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Liberal dressings of fertilisers can markedly affect the mineral content 
of plants, and it is also known that the application of nitrogenous 
fertilisers can increase the crude protein of pasture herbage and 
influence the amide and mtrate content. Application of nitrogenous 
fertilisers also depresses the fructosan content of grasses. Fertilisers 
may also affect, indirectly, the nutritive value of a sward by altering 
the botanical composition For example legumes do not thrive on a 
hme-deficient soil, while heavy dressings of nitrogen encourage growth 
of grasses and at the same time depress clover growth 


Table 16 4 Composition (per cent Dry Matter) and Net Energy Values 
(kcal/kg Dry Matter) of Four Cuts of S 23 Ryegrass 
(After D G Armstrong, Proc 8th int Grassl Congr 1960, p 485) 



Cut 1 

Young leafy 

Cut 2 
Late leafy 

Cut 3 

Ear emergence 

Cut 4 
Full seed 

Proximate composition 

Ash 

8 1 

8 5 

7 8 

51 

Crude protein 

18 5 

15 3 

13 8 

97 

Ether extract 

3 8 

3 1 

3 0 

25 

Crude fibre 

21 2 

24 8 

25 8 

31 2 

Nitrogen free extractives 

48 3 

48 3 

49 6 

50 9 

Other constituents 

Crude lignm 

3 6 

46 

5 5 

75 

Cellulose 

253 

284 

29 9 

35 6 

Soluble carbohydrates 

125 

11 5 

11 5 

101 

Net energy values * 

For maintenance 

2452 

2234 

2110 

1738 

For production 

1553 

1641 

1339 

903 


• Determined with mature sheep 


Other factors affecting the nutritive value of pasture Such factors 
as climate, season and rate of stocking may influence the nutritive 
value of pasture The concentration of sugars and fructosans, for 
example, can be influenced markedly by the amount of sunshine 
received by the plant Generally on a dull cloudy day the soluble 
carbohydrate content of grass will be lower than on a fine sunny day. 
Rainfall can affect the mineral composition of pasture herbage Calcium, 
for example, tends to accumulate in plants during periods of drought 
but to be present m smaller concentration when the soil moisture 
IS high; on the other hand phosphorus appears to be present in higher 
concentrations when the rainfall is high. 

Both under grazing and over-grazing can influence the composition 
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Other Foraob Crops 


some 01 me mote wmiiiwujr ,mnortant 

desenbed under ‘ Pasture ’ Lucerne {Medicago saliva) is an ^ P ^ 
legume which is widely grown under both tropical and P 
conditions Unlike grasses, lucerne does not possess large 
of reserve polysaccharides in the form of fruclosans, but it doe 
small amounts of starch and relatively large quantities ot p 
The protein content is comparatively high, and if the crop is 
the early flowering stage the crude protein content is likely to be a 
20 per cent Under conditions m the United Kingdom lucerne e 
to be high in fibre, particularly the stem, which at the flowering s a 
may contain 50 per cent crude fibre Table 16 5 shows the co ^ 
position of lucerne at three different stages of growth The relative y o ^ 
digestibility of the fibre is asenbed to ligmficalion being more rapi * 
the lucerne plant, with its erect type of growth than in grasses 
In common with most green legume crops, lucerne is a valua 
source of the element magnesium, and quantities ranging from t) 
to 0 36 per cent m the dry matter occur 

In the U S A lucerne, known there as alfalfa, is used as a pasture 
crop, although its management for this purpose requires considerable 
caic in order to avoid over grazing 

Sainfoin (0/io6r>c/iis salita) is a legume of less economic importance 
than lucerne, and m the United Kingdom is confined to a few main 
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areas in the south In common with most green forages the leaf is 
richer than the stem m crude protein, ether extract and minerals, 
expecially calcium Changes which occur m the composition of the 
plant are mainly due to variation in stem composition and leaf-stem 
ratio The crude protein content m the dry matter may vary from 
24 per cent at the early flowering stage to 14 per cent at full flower 
Corresponding crude fibre values at similar stages of growth may be 
14 and 27 per cent 

Table 16 5 Percentage Composition of the Dry Matter of Lucerne 
(After S J Watson and M J Nash, 1960, The Conservation of Grass and 
Forage Crops, p 12 Oliver and Boyd, Edinburgh) 



Pre bud 

In bud 

In flower 

Crude fibre 

221 

26 5 

29 4 

Crude protem 

253 

21 5 

18 2 

Ash 

121 

95 

98 

Digestible crude protem 

21 3 

17 0 

141 

Starch equivalent 

59 8 

50 1 

449 

Indigestible crude fibre 

80 

12 8 

162 


Peas, beans and vetches are sometimes grown as green fodder crops, 
and if cut at the early flowering stage are similar in nutritive value 
to other legumes 

A trouble which is frequently encountered in cattle and sheep 
grazing on legume dominant pastures is bloat, characterised by an 
accumulation of gas in the rumen The primary cause of bloat is the 
retention of the fermentation gases m a stable foam, preventing their 
elimination by eructation (see p 118) 

Cereals 

Cereals are sometimes grown as green forage crops, either alone or 
mixed with legumes Like the gram, the forage is rich m carbohydrate 
and low m protein, its nutritive value depending mainly on the stage of 
growth when harvested The crude protein content of the dry matter at 
the cereal grazing stage is generally within the range of 8-12 per cent 
At the time of ear formation the percentage of crude fibre falls as a 
result of the great increase m soluble carbohydrates 

Brassicas 

The genus Brassica compnscs some forty species, of which the 
following arc of agricultural importance kales, cabbages, rapes, 
turnips and swedes Some of the brassicas arc grown pnmanly as 
root crops, and these will be discussed in a later chapter. 
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Kales There Are two mam var.et.«, f “mer'’fSg 

headed’, both providing large yields o 

The vaneues are similar m feeding value The 

contents m the dry matter generally between 14 an P 

dry matter eontent rs low. averagmg f ^ ^ „U 3 e go.tre 

most brassicas, is hable to contain goitr g _ ^ excellent 

m ammals if giten m large amounts (see p 90) 

sources of cal^um. of which they may contain up to 2 per cent 

%7Zs Twovanet.esaregrown..he;drundiead-rmd*e-^^^^^ 

leaved • The latter is richer m proteii^nd h;^ “ , of tta dry 

lent V alue than the dmmhead variety The mde fib t “ most 

matter of cabbages IS much lower (about 15 per cen ) .^oofthe 

green forage crops, and consequently the starch ^0“" ^ 

dry matter IS relatively high (about 60 for the open l^ved v^^W ^ 

the kales, cabbages ate low m dry matter content, w 

httle as 11 pet cent m the drumhead variety, and they ar 

calcium 


Green Tops 

Mangold, fodder beet, sugar beet, turnip and swede tops may 
be used for feeding farm ammals Care is required in feeding 
mangold, fodder and sugar beet tops, since they contam a toxi ^ 
grcdicnt which may lead to extensive scouring and distress an 
extreme cases death The nsk appears to be reduced by allo’^S 
leaves to v«lt The toxicity has been altnbutcd to oxaUc acid an 
salts, which are supposed to be reduced or removed by wilting ^ 
recent study casts some doubt on this theory, smee the oxalate con en 
of the leaves is practically unaffected by wiltmg It is possible that 
toxic substances are not oxalates but other factors which are destroje 
dunng wilting 

Sv. ede and turnip tops are safe to feed, and may have a crude protein 
content m the dry matter as high as 20 per cent , the digestibihty of the 
orgamc matter being about 70 per cent 

Sugar beet tops generally contain the upper part of the root as VrC 
as the green leaves and are more digestible, about 77 per cent All these 
green tops are excellent sources of carotene 

Oestrogenic Substances m Forage Crops 

hlore than 50 species of p lant s are known to contain compounds 
capable of producing oestrus in immature female animals Although 
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the poteucy of these plant oestrogens is low compared with the natural 
sex hormones, excessive intakes may affect reproduction adversely, 
or in limited amounts may have a beneficial effect on fattening animals 
similar to that of giving synthetic hormones such as stilboestrol and 
hexoestrol. 

Plants containing oestrogenic substances include subterranean 
clover, Ladino clover, red clover, sweet clover, birdsfoot trefoil and 
lucerne. The activity of different crops varies with variety, stage of 
growth and locality. 
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Chapter 17 


SILAGE 

Silage IS the material na^'^ven to the 

IS controlled either by encouraging ac ic j acid 

present on the fresh herbage, or by direct “ddit on ol a 
Llution or of preservatives such as sodium . process, 

The first method, sometimes referred to as th r n^ntation to 
IS the commonest in use, and is dependent upo material, 

lactic acid of soluble carbohydrates present >“ ‘jn’ j^^tenal 

resulting in aloiaering of pH to within the region o uy has a 

of this type IS described as • well presemd silage f ^ Vter 

lactic acid content within the range of 8-12 per cent o j]j,s 

(Table 17 1) Success in achieving a lactic acid concentrat 
level depends upon many factors but basically upon having an a q 
supply of soluble carbohydrates ♦i,-mass 

Silage of pH about 4 will normally remain stable as long as tne 

IS kept under anaerobic conditions If however, ram is allow e o 
the silage or if lactic acid concentration is inadequate, then a 
clostridial fermentation is likely to occur and cause a breakdown o ^ 
lactic acid, with the production of butyric acid Silage of this type 
relatively high pH value, generally above 5, and is described as ^ 
preserved ’ enable 17 1) , 

Clostridia require very wet conditions for active development, an 
has been found bencficidl to wiU crops to a dry matter of 30-50 per cen 
m the field before ensihng Wilted crops preserve at higher pH va ue^ 
than wet crops, and consequently a high concentration of lactic aci 
of less importance than when wet crops are ensiled , 

Another type of material, frequently classed as ‘ mouldy silage 
but more accurately described as putnd or waste material, is produce 
from herbage in immediate contact with the air Material of this ty^ 
is formed on the surface and sides of silos, and its production can be 
reduced to a minimum by carefully scaling the sides and top of the silo 
Waste matcnal should not be given to animals, as it may contain 
nitrogenous decomposition products which are toxic 
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An entirely diflfereut process of silage making involves the sterilisa- 
tion of the mass in the silo by adding chemical sterilisation agents such 
as formaldehyde, sulphur dioxide or sodium metabisulphite. The 
success of this method depends largely upon ensuring adequate mixing 
with the crop, which may often be difficult in practice. If satisfactory 
sterilisation is achieved, and provided effluent production is not great, 
the nutritive value of the preserved material should be very similar 
to that of the original herbage. 

Another method of preserving herbage is by the direct acidification 
of the crop, and the commonest method is the Finnish or A.I.V. 

Table 17.1. Some Organic Acids of Grass Silages of varying Value 


(Percentage of dry matter) 


pH 

Acetic acid 

Butyric acid 

Lactic acid 

3-8 

1*75 

0 

8-41 

4-0 

1-52 

017 

9-29 

4*3 

0*78 

0-19 

5-95 

4-5 

4-70 

0-50 

5-80 

4*7 

1-88 

1'84 

1-08 

4-9 

4-02 

2-25 

0-12 

5'1 

1-92 

3-69 

1-48 

5*2 

3 67 

4-61 

0-69 


process, named after the originator A. I. Virtanen. The mixture of 
acids used in this process varies, but generally consists of hydrochloric 
and sulphuric acids. These acids are added to material during ensiling 
in sufficient quantity to lower the /?H value below pH 4*0. The resultant 
product may appear to be a very unnatural food for farm animals, but 
provided the correct amount of acid is properly distributed throughout 
the ensiled material no free mineral acids occur. Instead potassium, 
calcium and magnesium salts arc formed by reaction with salts of 
organic acids present in the original material, and as a result malic, 
fumaric, citric and other plant acids arc liberated. A.I.V. silage has 
been shown to be palatable and harmless to ruminants even when given 
as the sole item of diet. The process is not popular in many countries 
because of the difficulty in handling the strong acids at tlic time of 
ensiling. 

A number of organic acids or their salts have been used instead 
of mineral acids for direct acidification in silage making. The common- 
est is formic acid, whicit has been used with some success although it 
has no specific ensiling effect. 
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A wide variety of crops may be kalt root tops, 

grass, grass clover mixtures, le^in q however, is the 

sugar beet pulp, potatoes and fruit residues 
commonest crop to be made into silage 


Factors AnrcriNO the NoTRitum Value of Grass Silage 

The nutritive value of silage « (ytteTaturfof the 

(a) chemical changes occumngwitto the ’ t 1 
crop ensiled, and (e) the degree of effluent production 

(a) Chemical Changes divided mto 

The chemical changes which occur m the ^°P ^ ^lH„g as 

two caugones fltsUy those taking p ““ ™ brought about by 

a result of plant enzyme activity, and secondly th ^bich 

the action of micro orgamsms present on the original g 
gam access by contamination after cutting -bannes are caused 

0) Pta< ^ 1 "afoxvSiTs present, 

by aerobic respiration, which will continue, as long as oxyg P . 

until the plant sugars are depleted Sugars are a 

dioxide and water, with the production of heat “pable 
considerable nse in temperature of the mass If the herbage i 
consolidated dunng and after ffllmg, then air may P'™““ ' 
mass and the temperature will continue to nse If the nse in P 
lure IS not checked, then an overheated product, usually dark 
black in colour, will result This will be of low feedmg value^ 


of an excessive loss of soluble carbohydrate and a lowenng 


ot an excessive loss oi suiuwic 

protein digestibility The latter may be affected to a marked exte 
temperatures above SS"* C 

Apart from carbohydrate breakdown, proteolysis also o 
immediately after the herbage is cut Protein is rapidly broken doi 

and within 24 hours about 16 per cent is degraded to simpler substance » 

mainly ammo acids . 

00 Micro-organums After aerobic respiration has ceased, microbi 
changes continue Fresh herbage contains bactena on its surface, a 
these orgamsms multiply, using the contents of the cells as a medium 
As a result of this activity many chemical components of the grass are 
broken down Where conditions are favourable for bactena whicn 
produce lactic acid, the acidity of the mass increases until, at about 
pH 4 0-4 2, organisms other than the acidunc lactic acid bactena are 
inhibited as long as conditions remain anaerobic These acidunc 
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organisms continue to form lactic acid if soluble carbohydrates are still 
available, and the pH value may fall to 3*7. At this pH, bacterial 
growth ceases and the mass remains stable. 

Most of the lactic acid is thought to be produced from soluble 
carbohydrates (sugars and fructosans), although it is known that hemi- 
celluloses can be broken down during ensilage with the production of 
pentose sugars. These can be fermented by bacteria, but it is unlikely 
that pentoses are readily available in the initial stages of the ensilage 
process. 

In addition to the production of lactic acid, volatile acids such as 
formic, acetic, propionic and butyric acids may be formed. Acetic 
acid is generally present (0*7-4 per cent, of dry matter) even in well 
preserved silage, since many bacteria produce this acid. Butyric acid 
is not produced in any quantity in well preserved silage, but is always 
present in badly preserved material of high pH value; in silage with a 
pH value above 5*0 butyric acid will be the dominant acid. A butyric 
acid (clostridial) type of fermentation is liable to occur if the initial 
soluble carbohydrate content of the herbage is low or if the ensiled 
material Is too wet. 

During ensilage about 60 per cent, of the proteins are broken down, 
even in well preserved material. Where a rapid lactic acid type of 
fermentation occurs and a satisfactory degree of acidity is produced, 
the end-products of protein breakdown are mainly amino acids. 
This breakdown to amino acids is not a disadvantage as far as nutritive 
value is concerned, but in badly preserved material the amino acids arc 
broken down further to produce various amines such as tryptaminc, 
phcnylethylaminc and histamine, which arc dccarboxylatcd derivatives 
of tryptophan, plicnylalaninc and histidine respectively. Betaine, adenine 
and pcntamelhyicnc diamine arc typical products of putrefaction and 
may be present in badly preserved silage. Many of these nitrogenous 
compounds may be toxic to animals if absorbed into the blood. The 
final cnd-product of protein degradation is ammonia, and since this is 
volatile it may be lost from the silo in gaseous form. 

Apart from changes in carbohydrates and proteins, the mineral 
compounds present in herbage may be altered and potassium, calcium, 
sodium and magnesium salts oflactic and volatile acids may be formed. 
So far as is known, the availability of these minerals is not affected. 
An obvious change is in the colour of the herbage. Tlic brown colour 
of silage is due to a pigment, phacophytin, which is a magncsium-frcc 
derivative of chlorophyll. 

In well presetted silage, where the temperature has not risen to any 
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appreciable cxlcnl, the carotene eonlcnt should ^ 

the original crop Large amounU of carotene can be lost, hotteter, 

o>erheated silages , nf 

As a result of these chemical changes, gaseous losses (■" J 
carbon dionde) occur The amount of dry matter lost ‘n 
form may vary from 5 to 30 pet cent, depending P'fT “ 
bacterial enzyme activity Since these losses ate caused by 
down of soluble and highly digestible nutnents, it , 

higher the gaseous loss, the lower lull be the feeding value of the sii g 

(b) Nature of Crop 

The species, stage of growth, physical state and moisture cootco 
of the crop ensiled are important factors affecting the nutnlivc v u 
of the silage In order to obtain silage of high nutritive value, the wop 
should he cut at the ear emergence stage of growth, since the final 
product cannot be better than the original material 
Since the lactic-acid producing bacteria on the ensiled herbage 
require a supply of fermentable carbohydrates, the sugars and fructosan 
contents of the original material are very important The amount of 
soluble carbohydrate which must be present to ensure a satisfactory 
type of lactic fermentation depends upon many factors If the crop is 
ensiled in a very wet condition or if the imtial numbers of lactic acid 
bacteria on the herbage are low, or if the temperature is allowed to nse 
excessively as a result of plant respiration, more soluble carbohydrate 
will be required High protein grass crops and legumes are difficult 
to ensile satisfactorily because of low soluble carbohydrate content 
and because of their high buffcnogcapacity If the soluble carbohydrate 
content of the crop is known to be a limiting factor, then a sugar 
additive, such as molasses, may be sprayed on to the crop at the time 
of filling the silo 

The physical nature of the crop at the time of ensiling is an important 
factor m the fermentation process, and it is known that chopping or 
bruismg tends to produce more favourable conditions for micro 
organism acuvity than leaving the matenal long 
In practice, the herbage bemg ensiled may be cut over a penod of 
days and m some cases a penod of weeks may elapse between the 
commencement and end of ensiling This process of delayed filling 
nutnents m gaseous form 
If fiilmg IS delayed, then the nutntive value of the silage may vary 
vanahoQ is generally a vertical one, since 


throughout the silo This 
the top layer is likely to have been made from 


herbage more mature 
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and of lower nutritive value than the material in the bottom 
layers. 

The moisture content of the crop at the time of ensiling also has 
a marked influence on the type of fermentation which occurs. Wet 
crops containing more than 80 per cent, moisture are difficult to ensile 
satisfactorily and frequently produce badly preserved material. There 
IS evidence that dry-matter intake on silage diets is related to the 
moisture content, in that a higher dry-matter intake can be expected 
w en wilted silage is given ad lib. than when silage with a higher moisture 
content is offered. The water per sc does not appear to be the cause, 
nn It is possible that some compound is formed in low dry matter 
SI age which may affect the animal’s appetite. 


(c) EJJiuejit Production 

In most silos free drainage occurs, and the liquid or effluent produced 
soluble nutrients. The amount of effluent produced 
win 1''® initial moisture content of the crop, but it 

entere increased if the silo is left uncovered so that rain 

minpr^i., J contains sugars, soluble nitrogenous compounds, 
nutrient=’o^'''^ii°I.?“,‘'.‘“ produced during fermentation. These 
anim-ii highly digestible and are of high nutritive value to the 

to 1 obvious that effluent production should be reduced 

ensiling before 


Value to the Animal 

little proximate constituents, silage appears to differ 

it is a original material. Chemically, however, 

ar" nitrogenous constituents 

the soluhl I non-protein nitrogenous compounds, 

of the dll ^ A ° Senerally less than 2 per cent. 

voUiile ^cidl '* “PPteeiable amounts of lactic and 

tcrious “"ti" i" nevertheless not dele- 



3 ,, 

almosl equal 10 that of the ‘ Xhatc^oucruutnl.vesuluc 
preserved silaee on the other hut"' «'■ ,tnal, because of high 

"drurr^or^^ 

and from the deamination of ammo acids 


Taara t7 ^ Compos, non and Diecsuhitu, ofSrr Uscerasa and Silapc 


(a) Chtmleal camliluents 


Prolcm N 

Non protein N 

VolaUlcN 

Sugars 

Fruciosans 

Hcnucelluloses 

Cellulose 

UgDin 

Lacuc aad 

Acetic aad 

(pH) 


Composiiion 

{perceniase of diy nuiller) 


4 — 


SiJage 


266 
034 
ml 
95 
56 
15 9 
24 9 
83 
nil 
ml 


0 91 
2 03 
0 21 
20 
0 1 
137 
26 8 
62 
87 
1 8 


(6 3) (JS) 


(b) Proximaie eonjiiiuents and their digeHibiliiy 
R}egro3S 


Compostlion CoffipOi«t(ort 

(percent of Digejlibihiy (percent of 
dry matter} coefficient dry matter) 


Digeslibi^dy 

coefficient 


Organic matter 89 8 

Crude protem 18 7 

Ether extract 3 5 

Crude fibre 23 6 

Nitrogen free extractives 44 1 


77 
73 
64 

78 
78 


88 3 
18 7 
48 
25 7 
39 1 


75 

76 
72 
78 
72 


Although grass silage is regarded primarily as a food for ruminan s, 
when made from young material of low fibre content it may be given to 
poultry and breeding p»^ It is doubtful, however, if grass silage 
has any place m the feeding of fattening pigs, because of its relative y 
low energy value compared with cereal grains Potato silage is m ^ 
different category and can be given satisfactonly to fattening ptS^ 
Results of feedmg trials mdicate that better growth rates are obtainc 
when the potatoes are steamed before ensiling 
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HAY, ARTIFICIALLY 
AND CHAFF 


DRIED GRASS, STRAWS 

Hay 


The commonest method of conserving green crops is ^ 
making, the success of which until fairly recently was c^r y ^ 

upon the chance selection of a penod of fine \s Gather /irvine 

of rapid drying techniques using field machinery and bam ^ 
equipment has, however, considerably improved the efficiency 


process ^ au- 

The aim in haymaking is to reduce the moisture conten 
green crop to a level low enough to inhibit the action of plan 
microbial enzymes The moisture content of a green crop depe 
on many factors, but may range from about 65 to 85 per cent » ten mg 
to fall as the plant matures In order that a green crop may be 
satisfactorily m a stack or bale, the moisture content must be reduced 
to about 20 per cent The custom of cutting the crop m a mature state 
when the moisture content is at its lowest is clearly a sensible procedure 
for rapid drying and maximum yield, but unfortunately the more mature 
the herbage, the poorer is the nutntivc value (see Chapter 16) 


PACrrORS INFLUENaNG THE NUTKITIVE VALUE OF HAY 

Chemical Changes and Losses durmg Drying 

Chemical changes resulting m losses of valuable nutneots inevitably 
anse during the drying process The magnitude of these losses depends 
to a large extent upon the speed of drying A number of factors 
contribute towards these changes 

Action of plant enzymes In warm, dry, windy weather the wet 
grass, if properly handled and mechamcally agitated, will dry rapidly 
and losses ansmg from plant enzyme activity will be small The mam 
losses occur in the soluble carbohydrate fraction as a result of aerobic 
respiration, in which sugars are oxidised to carbon dioxide and water 
This loss results m a concentration of cell wall constituents, especially 
cellulose and ligmn, which is reflected in the higher crude fibre content 
of the dry matter of hay compared with that of the original herbage 


314 
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Table 18 1 shows a companson in composition and nutritive value 
between two different haymaking methods, the traditional ‘field 
cunng * and the ‘ tripoding * method Under poor weather conditions 
tripoding is likely to result m a better-quahty hay, since drying is 
speeded up The difference between the two treatments is reflected in 
the crude fibre contents, and m the digestibility coefficients of the 
nutrients 

Table 18 1 Composition and Nutritive Value of Perennial Ryegrass and of Hay 
made from it by Two Different Methods in S E Scotland 


Composition Digestibility Digestible nutrients 

(percentage of dry matter) coefficients (percentage of dry matter) 



* 

Field 


/ 

Field 


{ 

Field 



Fresh 

cured 

Tripod 

Fresh 

cured 

Tripod 

Fresh 

cured 

Tripod 

Organic 

grass 

hay 

hay 

grass 

hay 

hay 

grass 

bay 

bay 

matter 

Crude 

93 2 

92 5 

90 8 

76 3 

59 I 

67 6 

71 1 

54 7 

61 4 

protein 

Ether 

12 8 

99 

12 t 

63 6 

47 3 

59 3 

8 1 

47 

72 

extract 

Crude 

22 

1 4 

I 6 

43 5 

10 9 

27 9 

1 0 

02 

04 

fibre 

Nitrogen- 

frec 

26 9 

36 2 

32 4 

76 8 

69 4 

75 9 

20 6 

25 1 

24 6 

extractives 513 
Starch 

45 0 

447 

79 9 

54 9 

65 2 

41 0 

26 6 

29 1 

equivalent — 

— 

— 


— 

— 

62 0 

35 4 

42 5 


Although the major changes during haymaking occur m the carbo* 
hydrate fraction, proteins arc also likely to be altered by the action of 
plant enzymes Immediately after cutting proteolysis occurs, resulting 
m the formation of ammo acids This change will not affect the value 
of the crude protein unless tlic soluble nitrogenous compounds arc 
lost through leaching The actual crude protein content of hay may 
be by itself a poor guide to the nutriti\c \alue, since it may remain the 
same, or even increase as a result of losses of otlicr nutrients 

Oxidation When herbage is dried m the field, a certain amount 
of oxidation occurs The visual effects of this can be seen in the pig* 
incnts, many of which arc destroyed The proMtamiii, carotene, is an 
important compound affected and may be reduced from 150-200 ppm 
m the dry matter of the fresh herbage to as little as 2-20 ppm m the hay. 
Rapid doing of the crop by tripoding or barn doing conserves the 
carotene more cflicicnlly, and losses as low as 18 per cent in bam 
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dned hay have been reperled On the other 
ficiai effect on the vitamin D content of hay because o 
ergosterol present in the green plants ^ p 

Leachu,g Losses due to leadung by ram “Gerais. 

afternhasbeenpartlydned Leaeh.ng causes a loss of soluble 

sugars and nitrogenous constituents, resulting i content 

cell wall constituents which is reflected m a higher crude 
Ram may prolong the enzyme action within the cells, 
greater losses of soluble nutrients, and may also encourag 8 

of moulds , „ lose 

Mechanical damage Dunng the drying process the leav 

moisture more rapidly than the stems The „ ,s 

shatter very easily when handled Excessive mechanica 
liable to cause a loss of this leafy material, and since the eave 
hay stage are richer in digestible nutnents than the stems, t ® ^ 

hay may be of low feeding value There are a ® iienne 

machines available which reduce the losses caused by leaf ® ^ , 

If the herbage is bruised or flattened, the drying rate of s e 
leaves is more similar Babng the crop m the field at a , 

content of about 45 per cent , and subsequent drying by ar i 
ventilation, will reduce mechanical losses considerably , 

Action of micro organisms If drying is prolonged because o 
weather conditions, changes brought about by the activity of bac c 
and fungi may occur Mouldy hay is unpalatable and may con a 
substances harmful to animals It is not uncommon to find pate e 
of mouldy hay m a stack that are due to uneven drying conditions 


Plant Species 

The differences in chemical composition between species have 
already been discussed in Chapter 16 Hay made from legumes is 
generally ncher in protein and minerals than grass hay Pure clover 
swards are not commonly grown for maki ng into hay in the Unite 
Kingdom, although many ‘ grass ’ hays contain a certain amount o 
clover Lucerne or alfalfa {Medicago satwa) is a very important legume 
which IS grown as a hay crop in many countries The value of lucerne 
hay lies m its relatively high content of digestible protein which maybe as 

high as 14percent ifitismadefromacropcutintheearlybloomstage 

Cereals are sometimes cut green and made into hay, and this 
usually takes place when the grain is at the ‘ milky ’ stage The 
nutnUve values of cereal hays cut at this stage of growth are similar to 
those of hays made from mature ^ass, although the protein content 
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is generally lower. Table 18.2 shows the composition of a number 
of hays made from different species. These values give no indication 
of the range in nutritive value. If extremes are considered, it is possible 
to produce hay of excellent quality with a digestible crude protein of 
12 per cent, and a starch equivalent value of 50. On the other hand 
poor-quality hay made from mature herbage harvested under bad 

Table 18.2. Compositioa and Nutritive Value of Hays 

(From S. J. Watson and M. J. Nash, 1960, Vie Conservation of Grass 
and Forage Crops. Oliver and Boyd, Edinburgh) 


(Percentage of dry matter) 



. No. of 

Crude 

Crude 

Starch 

Digestible 

crude 


samples 

protein 

fibre 

equivalent 

protein 

Meadow 

686 

1I‘3 

29*8 

40-2 

6*7 

Mixed grass 

68 

11*4 

30-1 

39-2 

6*3 

Cocksfoot (orchard grass) 

17 

8*2 

35-6 

3M 

4*2 

Fescue 

22 

90 

31*5 

38*5 

4*8 

Ryegrass 

39 

9*6 

30-5 

4M 

4*8 

Timothy 

213 

7*7 

341 

35*1 

3*6 

Clover 

284 

14*3 

31-9 

37*7 

8*9 

Lucerne 

474 

16*5 

32*2 

36 0 

11*8 

Vetches 

28 

21*3 

27*7 

42*6 

16*3 

Barley 

19 

9*3 

26-5 

40-8 

5*2 

Oat 

48 

80 

32-9 

35*3 

4*1 

Wheat 

20 

8*2 

26-8 

36*5 

4*4 


weather conditions may have a negative digestible crude protein, content 
and a starch equivalent as low as 20; material of this type is little better 
in feeding value than oat straw. 

Stage of Growth 

The stage of growth of the crop at the time of cutting is a very 
important factor in determining the nutritive value of the conserved 
product. The later the date of cutting, the larger will be the yield, the 
lower the digestibility and net energy value, and the lower the voluntary 
intake of hay by animals. It follows therefore that, provided the drying 
processes are similar, then hays made from early-cut crops will be of 
higher nutritive value than hays made from mature crops. Unfortun- 
ately losses may be high in making hay from young herbage because 
of its relatively high moisture and soluble nutrient content. 

The question of when to cut herbage for hay is a complex one, 
depending upon many factors. The economics of harvesting must be 
considered, since a greater number of operations may be required if a 
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crop is cut too early. Furthermore other factors 
example whether the hay is to be given as a sole 
centrates, and whether the hay is required for 
period or for rapidly growing, fattening, or milk-producing 

Changes m the Stack , . 

The chemical changes and losses associated with haymakmg 
completely cease when hay is stored in the stack or barn, 
crop may contain from 10 to 30 per cent, moisture. ^rnlant 

moisture levels chemical changes brought about by the ac^Uon ^^P 


and micro-organisms arc likely to occur. 


oxidative degradation of su^rs, although hcxoscs may 
with amino acids or proteins. This chemical combination is . 

partly responsible for the dark-brown colour observed m 

hays, Browning has been observed at temperatures as low as 3.i 

Respiration ceases at about 40* C, but the action of i 

bacteria may go on up to about 72* C. Above this temperature c c 
oxidation can cause further heating. The heat tends to accum 
m hay stored in bulk, and eventually combustion may occur. 

Losses of carotene during storage depend to a large extent on 
temperature. Below 5* C little or no loss is likely to occur, whereas 
in warm weather losses may be considerable. 

The changes that take place in the stack are likely to result in a lowering 
of nutntive value and an increase m the proportion of cell wall con 
stituents. The feeding value of healed hays is relatively low, since 
high temperatures lower the digestibility of proteins. DigesUbiiy 
coefficients for protein as low as 2 6 per cent, have been reported for 
‘ black overheated ’ hay. 

The changes which take place in the stack depend to a large exten 
on the moisture content of the hay at the time of storing. If t ® 
moisture in the stored crop is less than 10 per cent., then little or no 
change will take place dunng storage. 


ARTinciALLY Dried Grass 

Dned grass is defined in the Fertilisers and Feeding Stuffs Regu- 
lations 1960 (amended 1964) as follows 

‘ Any product, whether ground or not, which (a) is obtained by artificially drying 
any of the following —grass, clover, lucerne, sainfoin, green cereals or any mixture 
consisting of any of them, and (b) a otherwise as grown (that is to say mcludmg 
any growths harvested therewith but with no other substances added thereto), ana 
contains not less than 13 pet oaA protein calculated on the assumption that » 
contains 10 per cent moisture * 
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A poorer quality of dried grass, termed ‘ dried grass (maintenance 
quality) *, refers to dried herbage which contains less than 13 per cent, 
but not less than 10 per cent, crude protein, calculated on the assump- 
tion that it contains 10 per cent, moisture. Dried herbage containing 
less than 10 per cent, crude protein is designated ‘ dried green roughage . 

In the production of dried grass, the drying is brought about by 
allowing the fresh herbage to meet gases at a high temperature. The 
temperature of the gases depends upon the type of drier used. In the 
* low temperature * type of drying equipment, the hot gases are usually 
at a temperature of about 150® C and the drying time is about 20-40 
minutes. With * high temperature * driers, the temperature of the gases 
is initially within the range of 500®— 1000® C and drying takes place in a 
matter of 6-10 seconds. 

The temperature and time of drying are very carefully controlled 
so that the grass is never completely desiccated, and the final product 
usually contains about 5-10 per cent, moisture. As long as some 
moisture remains in the material, the temperature of the grass is unlikely 
to exceed 100® C. It is obvious, however, that if the grass is left in 
contact with the hot gases too long the material would be charred or 
even completely incinerated. 

Changes in nutritive value. Artificial drying, if carried out properly, 
has very little effect upon the nutritive value of the crop. This can be 
seen from the results presented in Table 18.3. The dry matter losses 
from mechanical handling and drying are together not likely to exceed 
10 per cent. It follows that the nutritive value of artificially dried 
grass depends upon the composition of the original fresh crop, and 
such factors as stage of growth, species and manurial treatment, 
already discussed in Chapter 16, will be important. 

Very young leafy materials have high digestible crude protein and 
net energy values, but contain more moisture than mature crops. 
The initial moisture content of the crop is a very important factor in the 
economics of grass drying. Dried grass is usually graded and sold on 
its crude protein content, and the aim is to obtain a product of high 
protein content. A classification system based on crude protein con- 
tent has been suggested by the National Agricultural Advisory Service 
and is given in Table 18.4. 

Vitanxins in dried grass. The drying process is known to destroy 
most of the vitamin C in grass, but since farm animals have no need 
of a dietary source of this vilamm its loss is of no practical importance. 
The carotene content of dried grass has always been of great import- 
ance, and until fairly recently in the United Kingdom the product 
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WHS graded and sold on carotene content. The ^“^.s 
drying rarely exceeds 10 per cent . bu exoosed 

S to oceir during the storage of dried grass, especially if expose 

Tabic 18 3 ComposiUon and DiEesnbd.ly of Fresh Grass and 

ArtificiaUy Dried Graw j p,„,i„ris 

(FromS J WmsotiA^SUGrasstandandCrasshndProcfuc 

Arnold, London) 

Ftesh grass Amfi ^drrtd grass _ 


Ether extract 3 08 52 3 gj 4 

Crude fibre 27 24 8i 2 .^2 8 

todeprolem 14 79 7^0 5 02 

Ash y 

Nitrogen free ,, 81 3 

extractives 45 66 78 2 00 77 4 

Dry matter 100 00 74 4 IW) 

to light and air, dned grass meal can lose as much as half its 
during 7 months’ storage under ordinary eommercial '“il 
A high quality meal should have a carotene content of about 2au PP • 
although under exceptional conditions carotene contents as g 

Table 18 4 Classification of Dried Grass 
(From Rauons for Livestock Bulletin of the Ministry of Agnculiure, 
Fisheries and Food No 48, H M S O 1960) 

Crude protein 

Category (90 per cent dry matter basis) 

A 17 or over 

B 15-16 9 

C 13-14 9 

D 11-12 9 , ax 

Super hay Under 1 1 0 (maintenance ioooj 


Composition 
of dry matter 
(per cent ) 

Digestibility 
(per cent ) 

Composition 
of dry matter 
(per cent ) 

Digestibility 
(per cent ) 

3 08 

27 24 

14 79 

52 3 

82 2 

74 0 

3 38 

25 29 

15 02 

67 8 

83 4 

72 8 

923 

— 

10 08 


45 66 

too 00 

78 2 

74 4 

46 23 

100 00 

81 3 

77 4 


450 ppm have been obtained The vitamin D content of dned grass 
IS very low, since the drymg process does not allow irradiation of stero 
to take place 

Feeding value Dried grass made from young herbage is a valuab e 
product m the diet of farm animals, especially of those on winter 
rations, smee it provides a green food nch m carotene, protein and 
digestible energy Because of the relatively high costs of production 
dned grass is generally given m bmited quantity as a concentrate to 
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ruminant animals. Small quantities (3-5 per cent.) of high-quality 
dried grass are frequently included in the diets of pigs and poultry, 
primarily as a source of vitamins. The product is also valuable for 
laying hens as a source of pigments which produce a satisfactory 
colour of egg yolk. 

Dried grass meal by itself is not very acceptable owing to its dusty 
nature, and it is customary either to moisten it before feeding or 
preferably to mix it with other foods. Frequently dried grass is made 
into cubes or pellets, which are easier to handle and are more palatable 
to stock. 

Dried Lucerne 

In the U.S.A. considerable amounts of lucerne (alfalfa) are arti- 
ficially dried and sold as a high-vitamin feed*supplement for broilers. 
As the production of this is seasonal large volumes of dried meal must 
be stored for periods of sbc months or more, and unless precautions 
are taken losses of carotene, xanthophyll and vitamin E are liable to 
occur as a result of oxidation. Since the rate of loss is a function 
of temperature, large volumes were stored under refrigeration in the 
past. More recently the dried product has been stored satisfactorily 
under inert gas, which virtually eliminates oxidative losses up to the 
time of removal from storage. Many manufacturers also add anti- 
oxidants which protect the product from the time it is removed from 
the inert gas until it is used. 

Straws and Chaff 

Straws consist of the stems and leaves of plants after the removal of 
the ripe seeds by threshing, and are produced from most cereal crops 
and from some legumes. Chaff consists of the husk or glumes of the 
seed which arc separated from the grain during threshing. 

These products arc extremely fibrous, rich in lignin and of extremely 
low nutritive value. They should not be used as pig or poultry foods. 

Cereal Straws 

During the ripening process nutrients are transferred from the 
stems and leaves to the grain, so that the composition of the straws 
is to a large extent dependent upon the degree of ripeness at the time 
of cutting. The stem is very variable in composition, the lower parts 
being more fibrous and poorer in feeding value than the heads. 

Oat straw. Of the cereal straws, oat straw is generally regarded as 
having the highest feeding value, and it is popular in certain areas as a 
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bulky food for store catUe along ™th 

It IS also used m limited quantities as a sour the crop 

Oat straw is superior to other cereal stra | ^ , d,(r„ences in 

IS usually cut before the gram is fully ripe 

composition between samples of oat straw gro negligible, 

ditions and harvested at comparable stages of ripeness 
any variations in composition being mainly caused y 
factors The protein content of oat straws 
usually about 3-5 pet cent As a general rule in the Umte W g 
the actual content increases with latitude because 

highest in Scotland and lowest in southern Englan , „_ietely 

oats grown under cold and wet conditions do not mature compl^^^ If^ 
The apparent digestibility of the protein is also very lo , „ 

negative if the metabolic nitrogen excreted is greater than 8^^ 

absorbed from the gut This is usuaUy the case with '““Shage ^ 

the 3-4 per cent crude protein level Pepsin 
made in the laboratory, however, indicate that a large part of 
protein (53-76 pec cent) may be digested by ruminant amma 
might be expected, the crude protein content can be increaseo oy 
apphcation of nitrogenous fertilisers The protein oonten ‘ 
affected greatly by the method of harvesting and there is little i 
in content between ‘ binder-cut ’ straw and ‘ combine cut straw 
Crude fibre constitutes as much as 35-45 per cent of straws, an 
has a digestibility coefficient of about 55-60 for ruminants ^ t of 
content of combine cut npe straw is frequently higher than t a 
straw cut with the binder, a reflection of the later harvesting o 


combine cut crop ^ 

Oat straw contams some sugars, generally 2-4 per cent , alt oug ^ 
some samples grown m northern Scotland have contained as muc a 
9 per cent The mam sugar present is fructose 

The ash content is vanable (3 9 per cent), and there is evi enc 
that soluble minerals may be leached out of the straw under very we 
conditions of harvesting The ash contams about 30 per cent o 
silica, which has no nutritional value, and about 20 per cent of potas 
Slum, the mam essential element present Both calcium and phos- 
phorus contents are low, although the straw contams more calcium 
than the gram 

The digestibility of the organic matter by ruminants rarely exceeds 
50 per cent , and because of this and its fibrous nature the net ener^ 
value of oat straw is very low The Starch Equivalent value attnbuted 
to this roughage is usually 10-20 
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Barley straw If the crop is cut when the gram is ripe, then the 
straw IS of poor feeding value, if however the cereal is harvested early, 
then the straw is similar to oat straw in nutritive value 
A disadvantage in the feeding of both barley and oat straw to 
ruminant ammals is the low voluntary intake of these materials Where- 
as a cow will consume up to 22 lb of medium-quality hay, it will only 
eat about 10 lb of straw These low intakes of straws are associated 
with their low levels of digestibility, especially of the cellulose A 
limiting factor in the bacterial degradation of cellulose is the low 
nitrogen content of the straw Orgamc matter digestibility can be 
increased considerably by the addition of nitrogen m the form of either 
protein or urea Studies in which 150 g/day of urea were infused into 
t e rumen of cows showed that the digestibihty of the orgamc matter 
increased from 41 to 50 pec cent while the voluntary intake increased 
by about 40 per cent 

Other cereal straws Wheat and rye straws are not usually given 
0 animals because of their very low feeding value, and are more useful 
on the farm as bedding matenals 


Legume Straws 

The straws of beans and peas are richer m protein, calcium and 
magnesium than the cereal straws, and if properly harvested are useful 
roughage foods for ruminant ammals Because of their thick fibrous 
stems they are more difficult to dry than cereal straws and frequently 
become mouldy on storage 

Chaff 

Cereal chaff is similar to straw m being a fibrous food, but is generally 
more digestible and ncher in protein content The most valuable 
is oat chaff Care is required in feeding animals on barley chaff because 
ol the presence of the awns, whose serrated edges may cause irritation 
to the animal 


Further Reaoino 


® Comerruuon of Crasr ana F.rase Crops 

F n Morrison, 1959 Feeds and Feeding Morrison Publishing Co , Iona 



Chapter 19 


ROOTS AND TUBERS 


The root crops include turnips, swedes, mangolds, fodder 
and parsnips Potatoes and Jerusalem artichokes are frequen^ 
classified as root crops, although they ate m fact tuhcrs => 
chemically different from the roots Whereas the mam component 
of the dry matter of root crops is sugar, tubers contain either s ar 
fructosans as the mam component. 


Roots 

The mam charactenstics of root crops are their high 
content (75-92 per cent) and relatively low crude fibre content t 
per cent of the dry matter) The mtrogen*free extractives con 
the dry matter is high, is nch m sugars, mamly sucrose, and is 
digestible by ruminants Roots are not a popular food for pi^ 
poultry because of their bulky nature, although some which have 
dry matter contents such as fodder beet are given to pigs The 
protein content of roots is withm the range of 4-12 per cent o 
dry matter, and a fairly high proportion of this fraction is in the or ^ 
of non protein mtrogenous compounds Roots are not good sour 
of calcium and phosphorus, but are particularly nch m potassium 
The most vanable constituent of the root crops is the dry ma e 
content, and this is the mam factor influencing their nutntive 
With foods containing about 10 per cent of dry matter a differeo 
of only 2 units will alter the feeding value by 20 per cent 

Factors Affecting the Compostlion and Nutritive Value of Roots 

Species Turnips, on average, have the lowest dry matter content, 
and sugar beet the highest Table 19 I shows the vanation m com- 
position of the mam root crops 

Variety Vanelal difl'ercnccs occur This is particularly true of the 
species Beta vulgaris, which mcludes mangolds, fodder beet and sugar 
beet The vaneties fonn a contmuous senes from mangolds to sugar 
beet viilh dry matter contents rangmg from 9 to 25 per cent Vanetal 
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differences m other species are not so great and generally do not 
exceed 2 units of dry matter 

Size of root Experiments m which small roots have been com- 
pared with large ones taken from the same field indicate that the small 


Table 19 t Ranges of Major Constituents of Roots 


Percentage of dry matter 



Dry 

^ 


1 


matter 

Crude 

Crude 



(per cent) 

protein 

fibre 

Sugars 

Turnips 

Swedes 

Mangolds 

Fodder beet 

Sugar beet 

6-10 

7-13 

5-13 

50-61 

8 12 

9-14 

14-22 

22-25 

7- 12 

8- 10 

6-8 

4-6 

5-13 

4-6 

4-6 

4-6 

50-63 
55-65 
60-70 
65 75 


root has a higher dry matter and higher crude fibre content than the 
large root Differences also occur m digestibility (Table 19 2), the more 
brous smaller root being of lower digestibihty 
The variations m dry matter content due to size may be quite appre- 
ciable For example mangolds can vary m weight from about 1 to 7 lb, 


Small Digestibility of Large (Mean Fresh Weight 3 lb) 

ana SmaU (Mean Fresh Weight 1 lb) Swedes. Harvested from the Same Plot 

Percentage of dry matter 


Organic 

Crude 

Ether 

Crude 

Nitrogen free 



protein extract 

fibre 

extractives 

equivalent 

93 9 

8 S 

07 

11 2 

73 5 


94 6 

7 1 

06 

12 7 

74 2 

— 

90 5 

645 

47 0 

80 5 

95 4 


84 7 

41 6 

37 7 

61 4 

92 9 


85 0 

5 5 

03 

90 

70 1 



30 02 

• For sheep 

7 3 

68 9 

63 0 


ComposiUon 
Large 10 3 

Small 11 4 

Digestibility coefficients 

Large 

SmaU 

Digestible nutrients 

Large 

SmaU 
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Storage Changes m composition occur in generfly 

These changes are influenced by the condition of 8 » ^ 

the dry malter content decreases Dry matter losses of up 
cent over the winter are not uncommon 


Turnips and Swedes are 

Turnips {Brassica rapa) and swedes (Brassica napo 
chemically very similar, although turnips contain g^Qa 

than swedes (Table 19 1) The starch equivalent value ot i P 
dry matter basis is between 52 and 55, whereas that tor s 
to 70 The latter is higher than the value given for ^^^use 

because of the slightly hi^cr digestibility of swedes ana p y 
of the different * V ’ or conversion numbers that Kellner g 
two species The respective values for swedes 
and 77 It is impossible to say whether these relatively large i 
apply generally, and there may be some doubt, since Amencan w 
have assessed the net energy values of turnip and swede dry ma 
839 kcal and 856 kcal per lb respectively, i e with a difference o 
2 per cent yg 

Both turnips and swedes are liable to taint milk if given to dairy 
at or just before milking time The volatile organic compound respo 
ible for the taint is absorbed from the air by the milk and is not pass 
through the cow . 

Swedes and turnips may be given to all classes of farm anima » 
but are mainly used for cattle and sheep 


Mangolds, Fodder Beet and Sugar Beet 

Mangolds, fodder beet and sugar beet are all members of the same 
species, Beta vulgaris, and for convenience they are generally classifie 
according to their dry malter content Mangolds are the lowest 
in dry matter content, richest m crude protein and lowest m sugar 
content of the three types Fodder beet can be regarded as lying ir* 
between mangolds and sugar beet in terms of dry matter and sugar 
content, while sugar beet is richest in dry matter and sugar content, 
though poorest in crude protein On a dry matter basis the starch 
equivalent value of mangolds is similar to that of turnips, and the starch 
equivalent of sugar beet about the same as that of swedes 

Mangolds ‘ Low dry matter ’ mangolds have a dry matter content 
between 9 and 12 per cent and are similar to turnips in composition and 
nulnlivc value ‘ Medium dry matter * mangolds have a dry matter 
content of 12 to 14 per cent This group are usually smaller in size 
than the low dry matter group, but usually develop fairly large tops 
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It is customary to store mangolds for a few weeks after lifting, 
since freshly lifted mangolds may have a slightly purgative effect. 
The toxic effect is associated with the nitrate present, which on storage 
is converted into asparagine. Unlike turnips and swedes, mangolds 
do not cause milk taints when given to dairy cows. 

Fodder beet. ‘ Medium dry matter * fodder beet contains from 14 to 
18 per cent, of dry matter, whereas the * high dry matter * varieties may 
contain up to 22 per cent. 

Fodder beet is a popular food in Denmark and the Netherlands for 
dairy cattle and young ruminants. Care is required in the feeding of 
high dry matter fodder beet to cattle, since excessive intakes inay 
cause digestive upsets, hypocalcaemia and even death. The digestive 
disturbances are probably associated with the high sugar content of the 
root. 

The use of fodder beet as the bulk ration for feeding pigs has given 
satisfactory results, but experiments have shown that the fattening 
period is slightly longer than when sugar beet is used. The digestibUity 
of the organic matter of fodder beet is very high (about 90 per cent.). 

Sugar beet. Most sugar beet is grown for commercial sugar pro- 
duction, though it is sometimes given to animals, especially cows and 
pigs. Because of its hardness the beet should be pulped or chopped 
before feeding. 

After extraction of the sugar at the sugar beet factory, two valuable 
by-products are obtained which are given to farm animals. These are 
sugar beet pulp and molasses. 

Sugar beet pulp. The sugar beet on arrival at the factory is washed, 
sliced and soaked in water, which removes most of the sugars. After 
extraction the residue is called sugar beet pulp. This product contains 
80-85 per cent, of water and it may be sold in the fresh state for fee mg 
farm animals, but because of transport difficulties it is^ frequent y 
dried to 10 per cent, moisture content. Since the extraction process 
removes the water-soluble nutrients, the dried residue consists mainly 
of cell wall polysaccharides, and consequently the crude fibre content 
is relatively high (about 18 per cent.); the crude protein and phos- 
phorus contents arc low, the former being about 9 per cent. Beet 
pulp is extensively used as a food for dairy cows and is also given to 
fattening cattle and sheep. It is not a popular food for pigs, especially 
fattening pigs, because of its fibrous nature, and is not suitab c or 
poultry. 

licet molasses. After crystallisation and separation of the sugar 
from the water extract, a thick black liquid termed molasses remains. 
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This product contains 70-75 per cent of dry matter, of which about 
65 per cent consists of sugars The molasses dry matter contains only 
2-4 per cent of crude protein, most of this being in the form of non- 
protein mtrogenous compounds, including the amine, betaine, which is 
responsible for the ‘fishy’ aroma associated with the extraction 
process 

Molasses is a very laxative food and is given to animals m small 
quantities Frequently the molasses is added to the beet pulp, which is 
then marketed as ‘ dried molassed beet pulp * A variety of products 
containing molasses are available Absorbents used with molasses 
include bran, brewers’ grains, malt culms, spent hops and sphagnum 
moss The nutritive value of these molassed products will depend upon 
the absorbent used 

Molasses is used, generally at levels of 5-10 per cent , in the manu- 
facture of compound cubes and pellets The molasses not only im- 
proves the palatability of the product but also acts as a binding agent 
Since molasses is a rich and relatively cheap source of soluble sugars 
It IS often used as an additive m silage making 

Carrots and Parsnips 

Carrots (Dauctis carota) are not grown on a large scale for feeding 
to farm animals, largely for economic reasons, but they are a valuable 
food for all classes of farm animals being particularly favoured as a 
food for horses Carrots contain 11-13 percent dry matter, which has 
a starch equivalent value of about 70 
Parsnips {Pastmaca satiia) are slightly richer m dry matter than 
carrots but the dry matter has a similar starch equivalent value The 
carrot IS rich in carotene, and this provitamin is also present m parsnips 


Potatoes {Solanum tuberosum) differ from the root crops in that the 
mam component is starch and not sucrose The starch content of the 
dry matter is about 70 per cent (see Table 19 3), this carbohydrate is 
present in the form of granules which vary in size depending upon the 
variety 

The crude protein content of the dry matter is approximately 10 per 
cent, about half of this being in the form of non protein nitrogenous 
compounds One of these compounds is a toxic substance, solanme, 
which cause gastro ententis m animals Solanme levels may 
be high m potato tubers exposed to light Associated wjth hgbt 



ROOTS AND TUBERS 


329 


exposure is greening due to the production of chlorophyll. Green 
potatoes should be regarded as suspect, although removal of the eye 
and peel, in which the solanine is concentrated, will reduce the toxicity* 
Young shoots are also, likely to be rich in solanine and these should 
be removed and discarded before feeding. Immature potatoes have 
been found to contain more solanine than mature tubers. The toxic 
risk is reduced considerably if potatoes are steamed or otherwise 
cooked, the water in which the tubers have been boiled being dis- 
carded. 

Table 19.3. Percentage Composition of the Potato Tuber 
(From W. G. Burton, 1948, The Potato. Chapman and Hall, London) 


Dry matter 

Range 

190-24-6 

Mean 

22*0 

Percentage of dry matter 

Starch 

67-9-81'0 

71*6 

Reducing sugars 

0-25-0-44 

0*33 

Sucrose 

0*76-1 05 

0*91 

Total N 

1*15-1*99 

1*60 

Protein N 

0*59-0*87 

0*74 

Fat 

0-29-0-47 

0*38 

Fibre 

l*3-7*4 

4*04 

Ash 

4-1-6-1 

5*07 


The fibre content of potatoes is very low, which makes them par- 
ticularly suitable for pigs and poultry. The best results are obtained 
if the tubers are cooked or steamed, since raw potatoes have laxative 
properties when given to pigs and poultry. It is unnecessary, however, 
to cook potatoes for ruminants. 

The dry matter of potatoes has a higher energy value than that 
of the root crops. The starch equivalent value of the dry matter is 
within the range 77-84, while the digestible energy value of the dry 
matter of cooked potatoes for pigs is about 1750 kcal/lb. 

Potatoes are a poor source of minerals, except of the abundant 
element potassium, the calcium content being particularly low. The 
phosphorus content is rather higher since this element is an integral 
part of the potato starch molecule, but some 20 per cent, of it is in 
the form of phytates (see p. 79). 

During the storage of potatoes considerable changes in composition 
may occur. The main change is a conversion of some of the starch 
to sugar and the oxidation of this sugar, with the production of carbon 
dioxide during respiration. The respiration rate increases with an 
increase in temperature. There may also be a loss of water from (he 
tubers during storage. 
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Dried potatoes. The difficulty of storing potatoes satisfactorily 
for any prolonged period of time has led to a number of processing 
methods. Several methods of drying are used. In one method the 
cooked potatoes are passed through heated rollers to produce dried 
potato flakes. In another method sliced tubers are dried direct in 
flue gases; the resultant potato slices are frequently ground to a 
meal before marketing. The products are valuable concentrate foods 
for all classes of animals. 

Other Tubers 

The only other tuber of some importance in the feeding of farm 
animals is the Jerusalem artichoke. This, hke potatoes, is very low 
in fibre. The main carbohydrate is the fructosan, inulin, instead of 
starch as in the potato. The tubers do not store well and have never 
been a popular food for farm animals. 


Further Rsadino 

F. B. Morrison, 1959. Feeds and Feeding Momson Pubbsbin^ Co., Iowa. 
W. G. Burton, 1948. The Potato. Chapman and Hall, London. 




Fic 20 1. Longitudinal section of caryopsis (grain) of wheat 
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CEREAL GRAINS AND CEREAL BY-PRODUCTS 

The name * cereal * is given to those members of the Gramineae which 
are cultivated for their seeds. Cereal grains are essentially carbo- 
hydrate concentrates, the main component of the dry matter being 
starch. The dry matter content of the grain depends on the harvesting 
method and storage conditions but is generally within the range of 
82-90 per cent. 

The crude protein is the most variable component, usually ranging 
from 8 to 12 per cent., although some varieties of wheat contain as much 
as 22 per cent. Of the nitrogenous components 85-90 per cent, are in 
the form of proteins, but these are deficient in certain essential amino 
acids, particularly lysine and methionine. Recently it has been shown 
that the value of cereal proteins for promoting growth in young 
chicks is in the order: oats>barley>mai 2 e or wheat. The high 
relative value of oat protein for growth is probably due to its slightly 
higher lysine content. 

The oil content of cereal grains varies with species, oats being 
the richest (5 per cent.) and wheat the poorest (2 per cent.). The embryo 
or * germ * contains more oil than the endosperm (see Fig. 20.1); in 
wheat, for example, the embryo has 10-17 per cent, oil while the endo- 
sperm contains only 1-2 per cent. The embryo of rice is exceptionally 
rich in oil, containing as much as 35 per cent. Cereal oils are un- 
saturated, the main acids being linoleic and oleic, and because of this 
they tend to become rancid quickly, and also produce a soft body fat. 
This is particularly true of oats and maize, which contain more than 
twice as much oil as barley and wheat. 

The crude fibre content of the harvested grain is highest in those such 
as oats or rice which contain a husk or hull formed from the inner and 
outer paleae, and is lowest in the ‘ naked ’ grains, wheat and maize. 
The husk has a diluent effect on the grain as a whole and reduces 
the energy value proportionally. Of the grains as harvested, oats have 
the lowest metabolisable energy value and maize the highest, the 
respective values (kcal/lb) for poultry being 1080 and 1510. These 
diflcrcnces arc also reflected in the starch equivalent values for rumin- 
ants, which arc about 60 and 78 respectively. 
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Starch occurs m the endosperm of the gram m 
whose size and shape vary with J ,opLtm. although 

srstof about 25 percent amyloseandTSpcrcem amyi p 

■ waxy ’ starches contain greater amounts of . q j 

The cereals are all deficient m calcium, “utamin^l^^ th^^^ 

cent The phosphorus content IS higher, being 0 ^P^^, ^ytates 

part of this is present as phytates (sec Chapter 79) , P aj 

Lve the property of being able to ^^^'r^atTrespea 

probably magnesium, oat phytates are ni”'' deficient m 
than bailey, rye or wheat phytates The cereal gra ns A 

vitamin D and, with the exception "^5'=“°'*' P™have a low 

They ate good sources of vitamin E and m the 

content of nbofiavin Most of the vitamins are concentrate 
aleutone layer and the germ of the gram 

Calves, pigs and poultry depend upon cereal 
source of energy, and at certain stages of growth as “ ^cereals 

of their diet may consist of cereals and cereal by gn,,, 

generally form a lower proportion of the total diet ™ 
although they are the major component of the concentrate ra to 


Oats (Avena satiia) 

The oat has always been a favourite cereal for ruminant 
and horses, but has been less popular m pig and poultry feeding becaus 
of its comparatively high fibre content and low energy value 

The nutritive value of oats depends to a large extent on the propo i 

of kernel (groat) to hull The percentage of hull m the whole grai 
depends upon the variety, environment, and season, and can vary 
from 23 to 35 per cent (average 27 per cent ) Oats of high hull con en 
are richer m crude fibre and have a lower metabohsable energy va 
than low hulled oats 

The crude protein content which ranges from 8 to 15 per cen , 
increased by the application of mtrogenous fertiUsers Oat proteins are 
of poor quality and are deficient in the essential amino acids methio 
mne, histidine and tryptophan, the amount of each of these acids m 
oat protein being generally below 2 per cent The lysine content is 
also low but IS slightly higher than that of the other cereal proteins 
Glutamic acid is the most abundant ammo acid of oat protein, wbic 
may contain up to 20 per cent 

The oil content of oats is high compared with that of the other 
cereal grams, and about 60 per cent of it is present m the endosperm 
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As mentioned earlier, the oil is rich in unsaturated fatty acids and has 
a softening effect on the body fat. 

Oats are usually given ‘ crushed * or ‘ bruised * to cattle and sheep but 
ground to pigs and poultry. It is frequently stated that oats should be 
very finely ground for pigs since fine grinding increases the digestibility. 
Recent experiments do not support this view, however, and grinding 
need only be sufficient to prevent the husk forming a physical barrier to 
the action of the digestive juices. Growth and digestibility trials with pigs 
of between 70 lb and bacon weight have shown that there is no advantage 
in finer grinding than is attainable by ordinary farm grinding equipment. 

Oat By-products 

During the commercial preparation of oatmeal for human con- 
sumption, a number of by-products are obtained which are available 
for animal feeding. When the oats are received at the mill they contain 
a number of foreign grains, mainly other cereals and weed seeds, which 
are removed as cockle before processing. The cleaned oats are then 
generally dried before passing on to the huller, which removes the husks. 
During the hulling process three by-products are obtained : the husks or 
hulls, oat dust and meal seeds. Oat dust consists of the hairs that lie 
between the oat and the hull. Meal seeds are the husks and part of 
the endosperm of the small grains. With good milling the amount of 
meal seeds produced is very low. They are very variable in compo- 
sition and may be designated ‘ coarse *, with a crude fibre content of 
about 28 per cent., to ‘ fine *, with a crude fibre content of about half 
this value; the crude protein may also vary from about 3 to 9 per cent. 
The hulls form the main by-product in terms of quantity, but these 
are of very low feeding value, being little better than oat straw. Their 
crude protein content is so low (about 2 per cent.) that in digestibility 
studies negative digestibility coefficients for nitrogen are likely 
to be obtained, owing to the relatively high amount of metabolic 
nitrogen excreted compared with that digested from them. The crude 
fibre content is usually between 33 and 36 per cent., which makes 
the by-product valueless as food for animals other than ruminants. 

Oat hulls may be combined with oat dust in the proportion in which 
they come from the mill (4 to I) to produce a product sold as * oat 
feed This material is rather letter in feeding value than the hulls 
alone. In the United Kingdom oat feed should not, by legal definition, 
contain more than 27 per cent, crude fibre. An alternative use for 
the hulls is in the brewing Industry, where they are often added to the 
malt to assist in the drainage of wort from the mash tun. 
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The dehusked oats themselves (kernels or groaU) are of high nutn- 
toe value, containing about 16 per cent cru p j g,vc 

2 per cent crude fibre The groats are tips 

to farm ammals. and are ground into ““““aUft 
The tips are mixed with any residues aKumulate du _ , 

of the oats during milling and the product i ® genn, 

Flowmeal can be a very valuable foo** compound trade 

most of this by product, however, is absorbed by the P 

Barley (Hordeum sativum) 

Barley has always been a popular gram 
animals, especially pigs In most varieties of * (age 

surrounded by a hull, but the hull forms a much loj« 
of the gram (10 14 per cent) than in oats, so that barley 

quently a lower crude fibre content a m 13 per 

The crude protein of barley gram ranges from f 
cent , with average values of 9 to 10 per cent As with oaU, the p^ 

IS of low quality The oil content is relatively low, ^ fattening 

2 pet cent Barley forms the mam concentrate food tor fat 
pigs in the United Kingdom, producing a good carcass with a 

fat of high quality has a 

Because of the lower proportion of hull to kernel, Parmy 
higher net energy value than oats In recent years expenmen 
shown that beef cattle can be fattened on concentrate diets consi 
of about 85 per cent bruised barley without the use of roug ag 
In this process the barley is usually treated so that the bus is 
intact and at the same time the endosperm is exposed, the best res 
are obtained by rolling gram of a moisture content of 16-18 per ce 
Certain hazards, such as bloat, can be encountered with this 
feeding, and care is required It is important that a protein concen 
with added vitamins A and D and minerals be used to supp eme 
high cereal diets of this type 

Barley By products 

By products of the brewing industry In brewing, barley is first so^ed 
and allovied to germinate During this process, which is allowed to 
continue for about 6 days, there is development of a complete enzyme 
system for hydrolysing starch to dextrins and maltose Although the 
enzymatic reactions have been initiated m this germination or ‘ malting 
process, the mam conversion of the starch in the grain to maltose and 
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Other sugars takes place during the next process, described as ‘ mashing *. 
After germination but before mashing, the grain or malt is dried, care 
being taken not to inactivate the enzymes. The sprouts are removed 
and are sold as malt culms or coombs. The dried malt is crushed, and 
small amounts of other cereals such as maize or rice may be added. 
Some fibrous material, such as oat hulls, is commonly added to facilitate 
drainage. Water is sprayed on to the mixture and the temperature of 
the mash increased to about 65® C. 

The object of mashing is to provide suitable conditions for the action 
of enzymes on the proteins and starch, the latter being converted to 
dextrins, maltose and small amounts of other sugars. After the mash- 
ing process is completed the spgaiy liquid or ‘ wort * is drained off, 
leaving * brewers’ grains ’ as a residue. Brewers’ grains may be sold 
for feeding farm animals either in the wet state or they may be dried. 

The wort is next boiled with hops, which give it a characteristic 
flavour and aroma; the hops are then filtered off and after drying are 
sold as spent hops. The wort is then fermented in an open vessel 
with yeast for a number of days, during which time most of the sugars 
are converted to alcohol and carbon dioxide. The yeast is filtered 
off, dried, and sold as brewers* yeast. 

The by-products obtained from the brewing process are therefore: 
malt culms, brewers* grains, spent hops and brewers* yeast. 

Malt culms. Malt culms consist of the plumule and radicle of 
barley, and are relatively rich in protein (about 24 per cent, crude 
protein). They are not a high-energy food, however, and because of 
their fibrous nature their use is generally restricted to the feeding of 
ruminants and horses. Malt culms absorb water readily, and since 
they tend to swell in the stomach are usually moistened before they 
are given to animals. 

Brewers' grains. Brewers’ grains or * draff * consist of the insoluble 
residue left after removal of the wort. In addition to the insoluble 
barley residue this product may contain oat hulls, maize and rice 
residues. The fresh brewers’ grains contain about 70-75 per cent, 
water, and are sometimes given to cattle, sheep and horses in this form; 
frequently the wet product is dried to about 10 per cent, moisture, 
since in the fresh state it does not store well. Dried brewers’ grains 
contain about 18 per cent, crude protein and 15 per cent, crude fibre, 
although the composition will vary according to the nature and amount 
of additives used. Brewers’ grains have always been a popular food 
for dairy cows, but they arc of little value to poultry and arc not very 
suitable for pigs except in small amounts. 
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Dr.dspenthopsar.afi«^ 

pared to poor hay m nutritive v^e, but are ess p V 

Lause of their bitter flavour This produet is ^ 
for animals today, most of it being sold for use as ferti hser 

Dried brewers' yeast Dried yeast is a "ch P digestible 

containing about 42 pet cent of crude protein It hiShly d E 
and may be used for aU classes of farm anima s J and 

fairly high nutritive value and is specially favoured for f S P ^ 
poultry It IS a valuable source of many of the B StodP 
IS rebtively rich in phosphorus but has a low animals, 

fortunately this product is not rehshcd m large fl^ntitie ^ ^^l^d 

probably because of its bitter flavour, and is usually gi difficult 

amounts at levels not exceeding 10 per cent of the diet il 

to persuade cows to eat yeast, but sheep, pigs and poultry 
more readdy The vitanun D content is sometimes increase 

Distillers' grams In distilling, the soluble materials may ’ 

as m brewing, or the whole mass fermented, the alcohol then 
distilled off The residue after filtration is sold as wet or dneo 
tillers* grams In addition to barley other grains may be use 
process, and the composition of the residue after fcrmenmiio 
distillation will obviously vary depending on the original ^ 
dried distillers’ grams are often nchcr m protein than dried bre 
grams Distillers’ grams may be given to cattle and sheep, but t 
not popular foods for pigs and poultry because of their fibrous na 
By products of the pearl barley industry In the 
pearl barley for human consumption, the bran coat is removed an 
kernel is polished to produce a white shiny grain During this 
three by products described as coarse, medium and fine dust, 
produced and these are frequently mixed and sold as barley 
Barley feed contains about 13 per cent crude protein and about ^ P 
cent crude fibre The amount of this product available m t 
country is very small 


Wheat iXriUcum aestiium) 

Wheat grain is very variable in composition The crude protein 
content, for example, may range from 6 to 22 per cent , though it is 
normally between 8 and 14 per cent Chmate and soil fertility as well 
as variety mfluence the protem content The amount and properties 
of the proteins present m wheat are very important in decidmg the 
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quality of the grain for flour production. The most important proteins 
present in the endosperm are a prolamin (gliadin) and a glutelin 
(glutenin). The mixture of proteins present in the endosperm is often 
referred to as ‘ gluten *. Wheat glutens vary in properties and it is 
mainly the properties of the gluten which decide whether the flour is 
suitable for bread or biscuit making. All glutens possess the property 
of elasticity. Strong glutens are preferred for bread making, and 
form a dough which traps the gases produced during yeast fermentation. 
This property of gluten is considered to be the main reason why 
finely ground wheat is unpalatable when given in any quantity to 
animals. Wheat, especially if finely milled, forms a pasty mass in the 
mouth and tliis may lead to digestive upsets. Poultry are less suscept- 
ible, although wheat with a high gluten content should not be given 
since a doughy mass may accumulate in the crop. Newly harvested 
wheat is apparently more harmful in this respect than wheat which has 
been stored for some time. 

Experiments have shown that it is unnecessary to grind or crush 
wheat for sheep, but the grain is best given coarsely ground or crushed 
for cattle. 

Wheat By-products 

The wheat grain consists of about 85 per cent, endosperm, 13 per 
cent, bran or seed coat and 2 per cent. germ. In modern flour miUing 
the object is to separate the endosperm from the bran and germ. The 
wheat after careful cleaning and conditioning is blended into a suitable 
mix (grist) depending upon the type of flour required, and is passed 
through a series of rollers arranged in pairs. The first pair have a tearing 
action and release the bran coat from the endosperm. The rollers 
gradually break up the kernels, and at the end of the various stages the 
flour is removed by sieving. The proportion of flour obtained from the 
original grain, known as the extraction rate, varies, but in the United 
Kingdom is usually about 72 per cent. The remaining 28 per cent, 
constitutes the residues or ‘ offals * and can be classed into four main 
groups: wheat germ, bran, coarse middlings and fine middlings. In 
some mills the by-products are mixed and the combined product sold 
as * all-in wheat feed '. 

Wheat germ. Wheat germ is very rich in crude protein (22-32 per 
cent.) and low in fibre, and is an excellent source of thiamine and 
vitamin E. The wheat germ may be sold, after processing, for human 
consumption, although most of it is contained in tlie fine middlings. 

Brat. The bran, which essentially comprises the husk of the grain 
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With some adhering endosperm, is 8“^“* 

•broad - or -flne- bran, or the who c variations 

bran ’ These grades ofbran are similar m ' T’aUhongh giant 

depending mainly upon the composition of g . 
brL IS frequently higher m moisture content (up to 18 per cent , 
the oUier grades, which generally contain “bout 12 Per cent 
Bran is the most fibrous of the by;Pto<l“='* ^ 

8 5 to 12 per cent crude fibre The value 

12 5 to 16 per cent according to variety of gram ^be J^o„es 

ofbran IS low.its popularity asafood for ruminanta ^ 

being due to its well known physical properties 
mash with warm water it acts as a laxative, but when S™” ^ 
to counteract scouring Because of its fibrous natur 
digestibdity bran is not commonly given to pigs and poulW 

Coarse middhngs This by product, sometimes I ^e^njo- 

thirds, consists of small particles ofbran together with part 
sperm, and is of lower crude Bbre content (6-8 5 per cent ) S 
energy value than bran The protein content ranges ’ “Ij 

cent , and the material is a more suitable food than bran P K, - 
poultry In common with other cereal by products coarse 
are deficient m calcium . v-»n 

Fine middlings Fine middhngs or fine thirds contain 
particles than coarse middhngs, and those present are in a pu 
form approaching flour particle size Consequently the cm ® . 

content is low (usually 2-4 per cent) and the energy value re , 
high, being similar to that of barley The protein content is si 
to that of coarse middhngs, and the material is a valuable foo 
pigs and poultry 


Maize (Zea mays) 

A number of different types of maize exist and the gram appear® 
in a vanety of colours, yellow, white or red Yellow maize 
a pigment, cryptoxanthm, which is a precursor of vitamin A 1^ 
USA, where large amounts of this cereal are grown, the yel o 
varieties are preferred for animal feeding The pigmented gram 
tends to colour the carcass fat, which in the United Kingdom is 
considered desirable, so that white maize varieties are general y 
preferred here for feeding fattemng animals 

Maize, hke the other cereal grams, has certain limitations as a foo 
for farm ammals Though an excellent source of digestible energy it 
low m protein, and the proteins present are of poor quahty Maize 
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contains about 65 per cent, starch, is very low in fibre and has a high 
metabolisable energy value. 

The crude protein content of maize is very variable and generally 
ranges from about 8 to 13 per cent., although varieties have been 
developed recently containing even higher amounts. In the U.S.A. 
the tendency has been to develop hybrid varieties of lower protein 
content. 

The maize kernel consists of two main types of protein. Zein, 
occurring in the endosperm, is quantitatively the most important, 
but this protein is deficient in the essential amino acids, tryptophan 
and lysine. The other protein, maize glutelin, occurring in lesser 
amounts in the endosperm and also in the germ, is a better source of 
these two amino acids. The oil of maize (3-6 per cent.) contains a 
high proportion of unsaturated fatty acids and tends to produce a 
soft body fat. Maize is generally crushed or even roughly ground for 
feeding most farm animals. 

Flaked maize. Flaked maize is prepared from maize by cooking 
with steam and passing through rollers, thus producing a thin flake 
which is then dried. Flaked maize is considered to be more acceptable 
to animals and is of slightly higher digestibility than the unprocessed 
grain. The heat treatment partly dextrinises the starch, and this affects 
the fermentation products obtained in the rumen. The feeding of 
dairy cows with flaked maize in relatively large amounts is known 
to depress the butterfat content of milk. This is considered to be due 
to a decrease in the proportion of acetic to propionic acids in the 
rumen. 

Maize By-products 

In the manufacture of starch and glucose from maize, a number of 
by-products are obtained which are suitable for feeding farm animals. 

The ground grain is soaked in water and the germ floats to the 
surface, whence it is removed. The residue is ground and the bran 
is removed by sieving. The remaining liquid contains the endosperm, 
consisting mainly of starch and gluten. The starch is allowed to settle 
out, and the gluten, together with some fibrous material, passes on. 
The three by-products obtained are germ meal, bran and gluten meal. 
The germ is very rich in oil, most of which may be extracted before 
producing the germ meal. 

These three products arc frequently mixed together and sold as 
maize gluten feed. This product contains about 24 per cent, crude 
protein and only about 3*5 per cent, crude fibre. It is a valuable 
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ooncntrale food and is given to all classes of animaU Bc^um= 
poor quality of the protein, however, i should not lorm in 
protein source in the diet of pigs and poultry. 

Rich (pryza sauia) 

Rice, the mam cereal crop of eastern and “““'em Asia. requirM 
a sub-tropical or warm temperate climate and little is g 

north of latitude 49® i. i, t,nU lik.c that 

Rice, when threshed, has a thick fibrous 
of oats, and m this state is known as tough rice Th 
to some 20 pet cent of the total weight and is rich in 
IS easily removed to leave a product known as brown nee. 

IS still invested m the bran, which may be removed with t 
layer and the germ by skinning and polishing, thus producing p 

Rough nee may be used as a food for ruminants bw 

brown nee is preferable for pigs and poultry and compare . ^ 

with flaked maize m protein and energy value Most nee, no 
is used for human consumption and little is available m tn 
Kingdom for farm animals . . 

The two mam by products obtained from nee milling are in 
and nee meal The hulls, apart from being very fibrous, have sn 
edges which may irntate ihe intestine, and should never be pv 
animals Rice meal or rice bran comprises the pericarp, the a 
layer, the germ and some of the endospenn, and is a valuable pro 
containing about 11-13 per cent crude protein and 10-15 
oil The oil IS particularly unsaturated and may become ranci v 
quickly , if it is removed a product of belter keeping quality is j 

The amounts of oil, crude protein and crude fibre must be dec ar 
m rice meal sold m the United Kingdom 
In the preparation of starch from nee, a product known as ri 
sludge or nee slump is left as a residue The dned product has a cru 
protein content of about 26 per cent and low crude fibre and o 
contents, and is suitable for ruminants and pigs 


Rye (^Secale cereale) 

The use of rye in the United Kingdom is relatively small and little is 
grown for feeding to farm animals Rye grain is very similar to wheat 
m composition, but it is regarded as being the least palatable of the 
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cereal grains. It is also liable to cause digestive upsets and should 
always be given with care and in restricted amounts. 

Rye contaminated with ergot may be dangerous to animals. This 
fungus contains a mixture of alkaloids which, if consumed by pregnant 
animals, may cause abortion. Like wheat, rye should be crushed or 
coarsely ground for feeding animals. Rye is not commonly given to 
poultry. 

Most of the rye grown in the United Kingdom is used for the pro- 
duction of rye breads and speciality products for human consumption. 
Some is used for brewing and distilling. The offals from the production 
of rye malt are rye bran and rye malt cuUns, but these are available in 
such small amounts as to be of little importance. 

Millet 

The name ‘ millet ’ is frequently applied to several species of cereals 
which produce small grains and are widely cultivated in the tropics 
and warm temperate regions of the world. 

The most important members of this group include Pennisetum 
typhoideum (Pearl or Bulrush Millet), Setaria italica (Foxtail, Italian, 
Hungarian Millet), Paniciim miliaceum (Proso-Millet or Broom Com 
Millet) and Ecbinochloa frumentacea (Japanese Barnyard Millet or 
Sanwa Millet); all are members of the Paniceae tribe of grasses. 
Another millet, belonging to the tribe Chlorideae, is Ekusine coracana 
(Finger Millet or African Millet). 

The crude protein content of nutlet may show considerable variation 
but is usually within the range 10-12 per cent.; the oil content is 
between 2 and 5 per cent, and the crude fibre between 5 and 9 per cent. 
Millet has a nutritive value very similar to that of oats, and contains a 
high percentage of indigestible fibre owing to the presence of hulls 
which are not removed by ordinary harvesting methods. Millet is 
a small seed and is usually ground for feeding to animals other than 
poultry. 

Sorghum {Sorghum vulgare) 

Sorghum is the main food grain in Africa and parts of India and 
China. This cereal is also grown in the southern parts of the United 
States, as it is more drought-resistant than maize. 

The kernel of sorghum is very similar to that of maize, although 
smaller in size. It generally contains rather more protein but less oil 
than maize. 
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PROTEIN CONCENTRATES 

Oilseed Cakes and Meals 

Oilseed cakes and meals are the residues remaining after the removal 
of the greater part of the oil from oilseeds. Most of these are of tropical 
origin; they include groundnut, cottonseed, linseed and soya bean. 
The residues are rich in protein (20 to 50 per cent.) and most are 
valuable foods for farm animals. Some seeds, such as castor bean, 
yield residues unsuitable for animal feeding because they contain toxic 
substances. 

Three main processes are used for removing oil from oilseeds. Two 
employ pressure to force out the oil, wliile the other uses an organic 
solvent, usually hexane but occasionally trichlorethylene, to dissolve 
the oil from the seed. Some seeds such as groundnut, cottonseed and 
sunflower have a thick coat or husk which is rich in fibre and of low 
digestibility and lowers the nutritive value of the material. It may be 
completely or partially removed by cracking and riddling, a process 
known as decortication. The effect of decortication of cottonseed upon 
the nutritive value of the cake derived from it is shown in Table 
21.1 ; removal of the husk lowers the crude fibre content and has an 
important effect in improving the apparent digestibility of the other 
constituents. As a result the nutritive value of the decorticated cake is 
raised significantly above that of the undecorticated. The latter is 
only suitable for feeding adult ruminants, for whom it may have a 
role in maintaining the crude fibre level. Undecorticated cakes are 
rarely produced nowadays. 

The seed from which oil is to be removed is cracked and crushed 
to produce flakes about 0*01 in. thick, which are cooked at temperatures 
up to 104® C for 15 to 20 minutes. The temperature is then raised to 
about 110 to 115®C until the moisture content is reduced to about 
7 per cent, for the hydraulic process^ or 3 per cent, for the expeUcr 
process. In hydraulic pressing the material is then made into cakes, 
wrapped in heavy cloth, and subjected to pressures of about 2000 lb 
per sq. in. for up to 60 minutes. Tlic oil is thus expressed, and a hard 



344 ANIMAL NUTRITION 

„k= vvuh an 0.1 content of 7 to 8 P« j"" 

IS cracked and usually ground for expeUer process 

unground cakes may be g.ten to ^ horizontal cylinder m 

0.1 content of between 2i and 4 per cent 

TABLE 21 1 Compouuon and Numuve Value of Cottonseed Cates 

Composition (per cent) 



Dry 

mailer 

Crude 

protein 

Ether 

extract 

Sfree Crude 

extraetices fibre 

Undecorticatcd 

88 

203 

48 

35 3 

21 8 

Decorticated 

90 

41 1 

80 

26 4 

7 8 


Digestibility (per cent ) 

Digestible 


Crude 

protein 

Ether 

extract 

Nfree 

extract 

ues 

Crude 

fibre 

crude 
protein 
(per cent ) 

Undecorticated 

77 

94 

54 

20 

15 6 

Decorticated 

86 

94 

67 

28 

35 3 


Only matenal with an oil content of less than 35 per cent is 
for solvent extraction If matenal of higher oil content is to e 
treated, it first undergoes a modified screw pressing to lower e 
content to a suitable level The first stage in solvent extraction is 

flaking, after this the solvent IS allowed to percolate through the lla ♦ 

or a process of steeping may be used The oil content of the resi ua 
material is usually below 1 per cent and it still contains some solven , 
which IS removed by heating Some meals may benefit from being 
heated, and advantage is taken of the evaporation of the solvent to o 
this, soya bean meal, for example, is toasted at this stage in i s 
production 

Some 95 per cent of the nitio^n in oilseed meals is present as 
true protem It usually has a digestibihty of 75 to 90 per cent , and is 
of good quahty When biological value is used as the entenon for 
judging protein quahty, that of the oilseed proteins is considerably 
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higher than that of the cereals (Table 21.2). Some of them approach 
animal proteins like fish meal and meat meal in quality, though they 
are not as good as animal proteins as a class. Certainly they are of 
poorer quality than the better animal proteins such as those of milk 
and eggs. The figures for protein efficiency ratio and gross protein 
value confirm the good quality of oilseed proteins, but their chemical 
scores are low. This means that they have a badly balanced amino 


Table 21.2. Nutritive Value of Some Food Proteins 





Protein 



Bhlosical 

Chemical 

efficiency 

Gross protein 

Source 

value (JRat) 

score 

ratio (Jiat) 

value {Chick) 

Oats 

65 

46 



Wheat 

67 

37 



Maize 

55 

28 



Cottonseed meal 

SO 

37 

2-0 

77 

Groundnut meal 

58 

24 

1-7 

48 

Soya bean meal 

75 

49 

2-3 

79 

White fish meal 

77 



102 

Milk 

85 

69 


90 

Whole egg 

95 

100 




acid constitution, having a large deficit of at least one essential amino 
acid. In general, oilseed proteins have a low glutamic acid, cystine 
and methionine content, and a variable but usually low lysine content. 
As a result they cannot provide adequate supplementation of the 
cereal proteins with which they are commonly used, and should be 
used in conjunction with an animal protein when given to simple- 
stomached animals. The quality of the protein in a particular oilseed 
is relatively constant, but that of the cake or meal derived from it 
may vary, depending upon the conditions used for the removal of 
oil. The high temperatures and pressures of the expeller process may 
result in a lowering of digestibility and in denaturation of the protein, 
with a consequent lowering of its nutritive value. The less extreme 
conditions of the hydraulic process will yield a protein more like that 
of the original seed. Solvent extraction does not involve pressing, 
temperatures are comparatively low, and the protein of the meals is 
very similar to the original. In some cases the high temperatures and 
pressures of the expeller process may actually be beneficial, for example 
in the case of cottonseed where they inactivate gossypol. 

The oilseed cakes may make a significant contribution to the energy 
content of the diet, particularly where the oil content is high. This will 
depend upon the process employed and its efficiency. Expeller soya 
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bean meal may have an ® of^S per^Knt' Ld a starch 

valent of 69, compared with an oil nLstivc disturbances, 

equivalent of 64 for solvent extracted , „d if the 

however, may result from uncontrolled >■“ of cakes rich 
oil IS unsaturated, milk or body fat may be soft and carca 

"oilseed meals usually have a high 
lends to aggravate their generally low calcium co 
provide useful amounts of the B-vilamms, but ar p 
carotene and vitamin E 


Soya Bean Meal 


Soya beans contain from 16 to 21 per cent of oil 
solvent-extracted, when a residual meal with an oil co 
1 per cent is obtained The meal is generally regarded as on f 
best sources of protein available for animal feeding ^ 

contains all the essential ammo acids, but the amounts y 
methionine present are sub optimal Methionine is the c 
ammo acid, particularly in high energy diets . 

Soya bean meal contains a number of toxic, stimulatory . 

hibitory substances, including allergenic, goitrogenic and 
factors Of particular importance m nutrition is a trypsin in ^ 
which reduces the value of protein by reducing peptide digestion 
inhibitor may be inactivated by heating, which accounts for the 
ence shown for toasted meals in feeding simple stomached amm 
For ruminant animab the inhibitor is not important and toasting 
unnecessary The process of toasting must be carefully contro e » 
since overheating will reduce the availability of lysme and arginine an 
reduce the value of the protem 

Provided the meal has been properly prepared, it forms a very 
valuable protem food for all farm animals However, if soya bean mea 
is used as the major protem food for simple stomached animals, certain 
problems arise The meal is a poor source of B vitamins, and these 
must be provided either as a supplement or m the form of an anima 
protem such as meat meal or fish meal If such supplementation is not 
practised, sows may produce weak Utters which grow slowly because oi 
reduced milk yields, and older pigs show incoordination and failure to 
walk On such diets breeding hens produce eggs of poor hatchability, 
giving chicks of poor quality, such chicks may also have an increased 
susceptibihty to haemorrhages owing to a shortage of vitamin K 
Soya bean meal is a better source of calcium and phosphorus than the 
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cereal grains, but where it replaces animal protein foods, adjustments 
must be made in the diet, particularly for rapidly growing animals 
and laying hens. Soya bean meal contains a substance, genistein, 
which has oestrogenic properties and a potency of 4-44 x times that 

of diethylstilboestrol. The effect of this constituent on growth rate 
has not been elucidated. 

Groundnut Meal 

The seeds of the groundnut are borne in pods, usually in pairs or 
threes. The seeds contain 25 to 30 per cent, of crude protein and 35 to 
60 per cent, of lipid material. The pod or husk is largely fibrous. 
Groundnut meal is now usually made from the kernels and only 
occasionally is the whole pod used as the source, when an undecortic- 
ated meal is produced. The most common method of extraction 
practised is screw pressing, giving a residual meal with 5 to 10 per cent, 
of oil. Lower oil levels can only be achieved by solvent extraction, 
but this has to be preceded by screw pressing to reduce the initially 
high oil content. The composition of the meal wiU depend upon the 
raw material and the method of extraction used. 

The protein of groundnut meal has sub-optimal amounts of cystine 
and methionine, although the limiting amino acid is lysine. Where 
the meal is used in high-cereal diets, adequate supplementation with 
animal protein is necessary. This also ensures that the deficiencies 
of vitamin B 12 and calcium are made good. Such supplementation 
is particularly important in fast-growing animals such as pigs and 
poultry. The palatability of the meal for pigs is high, but it should not 
form more than 25 per cent, of the diet as it tends to produce a soft 
body fat and may have a troublesome laxative action. This also limits 
its use for lactating cows, for whom it otherwise forms an excellent 
and acceptable protein source. It has been reported that both a growth 
factor and an antitrypsin factor occur in groundnut meal, but these 
reports are not well authenticated. 

In the past few years there have been several reports of certain 
groundnut meals proving toxic to young animals, particularly turkey 
poults and ducklings; calves and lambs have also been afiected. 
Such meals have been shown to be badly affected by a mould Asper- 
gillus flavus, which produces a material called aflatoxin. This is a 
complex of compounds varying in number from two to twelve, all 
characterised by being fluorescent. Aflatoxin is carcinogenic and 
affected animals show extensive liver damage. Adult animals arc 
not badly affected, but a serious problem arises when aflTcclcd meal is 
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given to lactaung cows, and ‘he towc 

milk and so to the human diet Anatoxm has only been 

mould infested consignments 

Cottonseed Meal , . ^ 

The protein of cottonseed m^l is of ontent of 

common disadvantage of oil slow, and as the 

cystine, methionine and lysine The “'“um calcium may 

calcium to phosphorus ratio is about 16 ,^,™,nc but is a 

easily arise It is a good though variable source of thiamine. 

poor souree of carotene ,„„rce for young. 

Where cottonseed meal is used as a protein 
pregnant or nursing pigs, or young and laying P°“ ood a 

supplemented with fish meal or meat and bone meal of 

shortage of essential ammo acids and calcium f do not 

vitamins A and D should also be provided Pigs and poultry a 
readily accept the meal, largely owing to its dry may 

difheulty IS encountered with lactating cows, but ““P , ‘ ^ome 
arise where large amounts are given, since the milk ^ 

hard and hrm and butter made from such fat is often ‘ 

and tends to develop tallowy taints Another factor to be co ^ 

feeding with cottonseed meal is that it has a costive action, tnoug 
not normally a problem and may indeed be beneficial in diets co 

large amounts of laxative constituents .client 

Cotton seeds contain 0 03 to 0 2 per cent of a yellow p S® 
known as gossypol This is an aromatic aldehyde which 
oxidant properties and is a polymcnsation inhibitor It has a pro o 
effect on simple stomached ammals, being toxic to them at low ev » 
for example at 0 016 per cent of the diet of young chicks 
meal should not form more than 10 per cent of pig diets Cottons 
meal may adversely affect the storage quality of eggs when given 
poultry at levels of more than 5 to 10 per cent of the diet, the yo 
of such eggs are often olive green and the albumens pmk 
usually recommended that meals for poultry feeding should contai 
less than 0 02 per cent of gossypol Rurmnants show no ill effects eveti 
when fed on large quantities of cottonseed meal Considerable contro 
of gossypol content is possible by heating but this in turn leads to 
dcnaturation of the protein and a lowenng of the nutntive value 
Fortunately the sheanng effect of the screw press m the expeller process 
IS an efficient gossypol inactivator at temperatures which do not reduce 
protein quality 
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Coconut Meal 

■ The oil content of coconut meal varies from 2*5 to 6*6 per cent., the 
higher-oil meals being very useful in the preparation of high-energy 
diets. They have the disadvantage, however, of a susceptibility to 
develop rancidity in storage. The protein is low in lysine and histidine, 
and this, together with the generally high fibre content of about 12 per 
cent., limits the use of the meal for simple-stomached animals. It is 
usually recommended that it should form less than 25 per cent, of pig 
diets and less than 5 per cent, of poultry diets. Where low-fibre coconut 
meals are available for simple-stomached animals, they have to be 
supplemented witli animal proteins to make good their amino acid 
deficiencies. Neither protein quality nor fibre content is limiting where 
ruminant animals are concerned, and for them coconut meal provides 
an acceptable and very useful protein supplement. In diets for dairy 
cows it is claimed to increase milk fat content, but there is little evidence 
to substantiate such claims. The milk fats produced on diets containing 
considerable amounts of coconut meal are firm and excellent for butter 
making. 

Coconut meal has the valuable property of absorbing up to 50 per 
cent, of its own weight of molasses, and as a result is popular in 
compounding. 

Palm Kernel Meal 

This food has a comparatively low content of protein, which is 
however of high quality, the only limiting amino acid being methionine. 
The ratio of calcium to phosphorus is more favourable than in many 
other oilseed residues. The meal is dry and gritty, especially the 
solvent-extracted product, and is not readily eaten; it is therefore 
used in mixtures along with more acceptable foods. Attempts tQ use it 
mixed with molasses have not been successful. It is used chiefly for 
dairy cows, for whom it has a reputation for increasing the fat content 
of the milk. Palm kernel meal is often described as being balanced for 
milk production, but in fact contains too high a proportion of protein 
to energy. 

Despite the high quality of the protein and tlic relatively satisfactory 
calcium and phosphorus balance, palm kernel meal is not used widely 
in pig and poultry diets. This is due partly to its unpalatability and partly 
to its high fibre content, about 15 per cent., which reduces its apparent 
digestibility for such animals. The higlicst level of palm kernel meal 
recommended in the diet of simple-stomached animals is about 20 
per cent. 
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Linseed Meal j m that it contains 

Lmseed meal is unique among the oiUeed d^^^^ „„pi<;tcly mdi- 
from 3 to 10 per cent of J broken down by the 

gcstible by non ruminant animals, but “ n,sncrsiblc in water, 

microbial population of the rumen i amount 

forming a viscous slime and ai nssoeiated enryme. 

of a cyanogenetic glycoside, linaman , -unlution of hydrogen 

lmase.whiehiseapableofhydrolysmg.twiththe^ 

cyanide Low temperature reraova of oil may H ^ 
which unchanged linamarin and conditions 

proved toxic when given as a gruel formal process g ^ 
however destroy hnasc and most of the ’'““"ja ’ |jnasc and 

meals ate quite safe In the dry state, mea , of the pig 

Imamann is a safe food The pH of the a'a™ hydrogen 

IS sufficiently low to inactivate bnasc In ’^™“an 
cyamde formed by linase action is absorbed blood 

and this, coupled with its rapid detoxication in the liver d e ^ 
via the kidney and lungs, ensures that it never teaches 

'"ims been reported that linseed meal has a protective action against 


selemum poisoning .wj ©f 

The protein of linseed meal is not of such good quality 
soya bean or cottonseed meals, having a lower methionine a 
content Linseed meal has only a moderate calcium con en 
nch m phosphorus, part of which is present as phylate It is 
source of thiarmne, nboQavin, nicotinamide, pantothenic a 


choline . iminant 

Linseed meal has a very good reputation as a food for 1^5,5 
ammals which is not easy to justify on the basis of its proximate 
Part of the reputation may be due to the mucilage being capa 
absorbing large amounts of water, resulting m an increase in t e 
of Imsecd meal in the rumen, this may increase the retention u® 
the rumen and give a better opportunity for microbial ^ 

The lubricating character of the mucilage also protects the gut 
against mechanical damage and, together with the bulkiness, regu 
excretion preventing constipation without causing looseness Lins 
meal given to fattening ammals results m rapid gams compared wi 
other vegetable protein supplements making the same protein con 
tnbution, and cattle attain a very good sleek appearance, though t c 
body fat may be soft The meal is readily eaten by dairy cows but ten s 
to produce a soft milk fat 
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Linseed meal is an excellent protein food for pigs, provided it is 
given with an animal protein supplement to make good its deficiency 
of methionine, lysine and calcium. This is particularly important with 
diets containing large amounts of maize. 

Linseed meal is not a satisfactory food for inclusion in poultry 
diets. Retardation of chick growth has been reported on diets con- 
taining 5 per cent, of linseed meal, and deaths in turkey poults at a 
10 per cent, level. These adverse effects can be avoided by autoclaving 
the meal or by increasing the levels of vitamin Bs in the diet. Some 
workers consider the adverse effects of the meal to be due to the 
mucilage, since this collects as a gummy mass on the beak, causing 
necrosis and malformation and reducing the bird’s abih'ty to eat. 
Pelleting or coarse granulation can overcome this trouble. If linseed 
meal has to be included in poultry diets the level should not exceed 
3 per cent. 

Other Oilseed Cakes and Meals 

A number of other oilseed residues are used as foods for farm 
animals, including sunflower, sesame, kapok, niger and olive. Of these 
only sunflower and sesame are of any commercial importance. De- 
corticated sunflower meal is of fairly high protein content, about 38 per 
cent., but in spite of the absence of the seed coat the product is rich in 
fibre and is of low energy value. 

Sesame meal is a high-protein concentrate containing about 46 per 
cent, crude protein, rich in arginine and leucine but low in lysine and 
methionine, and it may be used in feeding farm animals in much the 
same way as groundnut meal. 


Animal Protein Concentrates 

These materials are given to animals in much smaller amounts 
than the oil seed derivatives so far discussed, since they are not used 
primarily as sources of protein per se but to make good deficiencies 
of certain essential amino acids from which non-ruminant animals 
may suffer when they arc fed on all-vcgctable protein diets. In addition 
they often make a significant contribution to the animals* mineral 
nutrition, as well as supplying various vitamins of the B-comp!ex. 
A furtlicr reason why these products arc given in limited quantities to 
farm animals is that they arc expensive, which makes their large-scale 
use uneconomic. 
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Two types of meals are recognised under BnUsh law The first is 
fish meal, defined as 

. a product oblnincd by d-yms ="■> snndin* or oUicrwise IrealmS fid. 
waste of fish, to which no other matter has been added 

The second is white fish meal, defined as 

‘ a product (containing not more than 6 .“/I’lIliB^whi'tc^foh^^ wSe 
cent salt) obUincd by drying, gnndmg or otherwise treat g 
of white fish, to which no other matter has been added 

Although meals with an oil content of up to 10 per cent 
given successfully, it is generally considered that only ^ 

witli the second defmilion should be given to farm ^ jjjg 

requirement of a maximum oil content was designed to p 
inclusion of residues of high-oil fish such as the herring j-viutr, 

Fish meals arc produced in two ways The first is by ^ 

which may be either a batch process earned out .i.ods 

a continuous process not employing reduced pressure Inbo , 

heating is earned out m steam jacketed vessels In the fla ^ 

process the meal is dned m a revolving drum by hot air 
furnace at one end of the drum Flame drying is a more drastic P 
than steam drying and this may affect the quality of the pro ci , 
illustrated in Table 213 

Commercially available fish meals arc of fairly constant compo i 
They contain about 65 per cent crude protein, which may be o v 
good quality, as Table 21 3 shows It is however variable, depen i 
upon manufacturing techmques, its biological value for rats rangi 
from 36 to 82 Generally the protein has a high content of 
methionine and tryptophan and is valuable as a supplement in ic 
based mainly on cereal protein, particularly if this is derived from maiz ^ 
Fish meals have a high mineral content, about 21 per cent , which is o^ 
value nutritionally since it contains a high proportion of calcium (o P 
cent ) and phosphorus (3 5 per cent ) and also a number of desira e 
trace minerals including manganese iron and iodine They are a goo 
source of vitamins of the B complex, particularly choline, Bu 
riboflavin, and have an enhanced nutritional value because of their 
content of growth factors known collectively as the Animal Protein 
Factor (APF) 

Fish meals find their greatest use with simple stomached ammals 
but can be very valuable for young ruminant animals They are used 
mostly m diets for young animals, whose demand for protein and the 
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essential amino acids is particularly high and for whom in addition 
the growth-promoting effects of APF are valuable. Such diets may 
include up to 15 per cent, of fish meal. With older animals, who need 
less protein, the level of fish meal in the diet is brought down to about 
5 per cent., and it may be eliminated entirely from diets for those in the 
last stages of fattening. This is partly for economic reasons, since the 
protein needs of such animals are small, and partly to remove any 
possibility of a fishy taint in the finished carcass. This possibility 
must also be carefully considered with animals producing milk and eggs, 
which are vulnerable to taint development. 'The chances of producing 
such a taint with white fish meal are remote, but when it is included 
in production and finishing rations it should be kept to below 5 per cent. 

Table 21.3. Effect of Processing on the Nutritive Value of Fish Meals 

Digestibility of protein Biological value of protein 

(per cent.) (per cent.) 

Flame-dried 62 71 

Steam-dried 73 77 

of the diet. Since adult ruminants are able to obtain amino acids 
and B-vitamins by microbial synthesis in the rumen, the importance 
of fish meal In their diets is considerably less. It can still make a 
contribution to their mineral nutrition, and many authorities believe 
that ruminants do benefit from the APF that fish meal supplies. For 
these reasons it is sometimes included in rations for adult ruminants at 
up to 5 per cent, of the diet. 

Whale Products 

Whale solubles. Bones, meat and blubber are minced, cooked 
with live steam, and the oil is removed in a separator. The aqueous 
extract is then acidified and the coagulated protein separated by 
centrifuging. The supernatant liquid is concentrated to 50 per cent, 
volume, giving whale solubles. The product contains a considerable 
amount of hydrolysed protein, providing a well balanced range of amino 
acids. It is a good source of riboflavin. There have been reports that 
the solubles have an anti-biotin effect, but results of trials ha\c been 
variable. 

Whale solubles arc spray-dried to ©vc whale protein meal, which is 
an excellent protein source but whose hygroscopic nature makes it 
difficult to use In practice. 
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Whole meal This is 

to the procedure described above. It composition 

being particularly rich in f-'‘‘.”'‘''r"Lunt 01^20 m the 

of whale meals IS variable, depending upon Ih ^ 

material for extraction The protein “f 3] be about 
19 to 75 per cent and the respective M t 

65 and 4 per cent. The protein is of good quality, B 
that of white fish meal, and is of high digestibility. 

Meat Meal— Meat and Bone Meal 

In the Fertilisers and Feeding Stuffs Regulations (1960). 
meat meal is dehned as 

‘ the product containms not less than 55 per cent or portions 

4 per cent of salt, obtained by drying and gnndmg added, but 

thScof (excluding hoof and horn) to wh«* rn“Ue to been 

which may have been preliminarily treated for the removal 

Feeding meat and bone meal is defined as 

* the product containing not less than 40 per txnt of oTporuons 

4 per cent of salt, obtamed by drying and grinding matter has been 

thereof (excluding hoof and horn) and bone, to which 
added, but which may have been treated for the removal ol lai 

The meals may be produced by dry rendering, in which the 
19 heated in steam jacketed cookers and the fat which separa ® ^ 

the dehydrated product is allowed to dram away More fat is re 
under pressure, and the residue is ground to give the fina j. 

In the wet rendering process the material is healed by live 
water has been added Fat separates and is skimmed off, the 
allowed to settle and the supernatant hquor is drained off 
known as ‘ stick ’ and contains a considerable amount of protein 
residue is pressed to remove fat, dried and ground 

Meat meal generally contains from 60 to 70 per cent of ^ 
compared with about 45 to 55 per cent for meat and bone meal 
fat content is variable, ranging from 3 to 13 per cent , but is norma y 
about 9 per cent Meat and bone meal contains more ash than mea 
meal and is an excellent source of calcium, phosphorus and manganese 
Both meals are good sources of vitamins of the B complex, especia y 
nboflavm, choline, nicotinamide and B 12 The protein of these mea 
by products is of good quality (BV approximately 67 for adult Man) 
and IS parUculatly useful as a lysme supplement Unfortunately it is 
a poor source of methionme and tryptophan Vanous unidentified 
beneficial factors have been clauned to be present m meat meals, 
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among them the enteric growth factor from the intestinal tract of swine, 
the Ackerman factor and a growth factor located in the ash. 

Meat products are more valuable for simple-stomached than for 
ruminant animals, since the latter do not require a supply of high-quality 
protein. The low methionine and tryptophan levels of the meals affect 
their value, however, because they cannot adequately make good the 
deficiencies of these amino acids in the high-cereal diets of pigs and 
poultry. This is particularly so where high proportions of maize are 
given, maize being particularly low in tryptophan. Usually meat meal 
is given in conjunction with another animal protein or with a vegetable 
protein to make good its low content of methionine and tryptophan. 
Both meat meal and meat and bone meal are eaten readily by pigs and 
poultry, and may be given at levels of up to 15 per cent, of the diet for 
laying hens and young pigs ; for fattening pigs the level is usually kept 
below 10 per cent. As well as being less beneficial to ruminant than to 
siraple-stomached animals, these products are not readily acceptable 
to ruminants and must be introduced into their diets gradually. Con- 
siderable care is required in storing the meat products to prevent the 
development of rancidity and loss of vitamin potency. 

Feeding Dried Blood 

Feeding dried blood is defined in the Fertilisers and Feeding Stuffs 
Regulations (I960) as 

*. . . blood which has been dried, to which no other matter has been added 

It is manufactured by passing live steam through the blood until the 
temperature reaches 100^ C. This ensures efficient sterilisation and 
causes the blood to clot. It is then drained, pressed to express occluded 
serum, dried by steam heating and ground. 

Feeding dried blood is a dark chocolate-coloured powder with a 
characteristic smell. It contains about 80 per cent, of protein, small 
amounts of ash and oil and about 10 per cent, of water, and is important 
nutritionally only as a source of protein. This is of poor quality, 
having a low digestibility and a low content of isoleucine and methio- 
nine and only a trace of glycine. The amino acid constitution is 
badly balanced, and the product has a low biological value. 

Supplies of blood meal arc very limited and expensive, so that the 
material is used chiefly in diets for young animals, mainly pigs. Where 
it forms more than 10 per cent, of the diet it tends to cause scouring. 
If blood meal is used to replace fish meal, care must be taken to provide 
adequate calcium and phosphorus as well. 
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Milk Products „rM,at(Tandl2 5percent 

Whole milk contains about 87 5 per txa 
of dry matter, usually referred to “ t fat (SNF) 

3 75 per cent is fat. the 7 cent) and ash 

eonsiLng of protein (3 3 per cent), lactose (4 7 per centj 

(0 75 per cent) a characteristically 

Most of the fat is neutral I’ S . ^ forming 

high proportion of fatty tta ealonfic value 

an exceUent source of energy Il^as ‘ “ of milk is 

of the milk sugar or lactose The crude p orotem Casein, 

complex, about 5 per cent of the mtrogen ““ ortrogen. 

the chief milk protein, contains about 78 per Mnt of suiphur- 

and IS of excellent quality but has “ the 

containing armno acids, cysUne and miUcproUins 

fi lactoglobulin is nch m these acids, so that the comb 
have a biological value of about 85 The ,^5 cereals, 

protein is to supplement poor quality proteins hke t oroducts 

for which purpose it is better than either the meat or S* 

Where however milk products are used to replace jcments, 

and bone meal, the diet must be supplemented with inorgam 
parucularly calcium and phosphorus, since the ash con e , -c,ent 
so low Milk has a low magnesium content and is “nousiy ^ 
in iron Normally rmlk is a good source of vitamin A 
vitamins D and E It is a good source of thiamine and nbon 


contains small amounts of vitanun Bi2 h for farm 

Whole milk is too valuable as a human food to be usea i 
animals, except for young dairy and bull calves, and 
prepared for competition Two milk by products are wi e y 
however, and are valuable foods for farm animals arated 

Skim milk This is the residue after the cream has been sep 
from milk by centrifugal force The fat content is very low, 

1 per cent , and the value of the by product as a source o e 
IS much reduced, about 162 kcal/lb as compared with 340 kw / 
whole milk. Removal of the fat m the cream also means that skim 
has litUc or none of the fat soluble vitamms However, it does res 
m a concentration of the SNF constituents Skim milk finds ® ^ 
use as a protein supplement m the diets of simple stomached mim 
and IS rarely used for ruminant animals, it is particularly * 
in making good the ammo aad deficiencies of the largely cereal die 
of young pigs and poultry For pigs it is usually given in the hqui 
slate, and limited to a per capita consumption of 5 to 6 pints per 
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Where the price is suitable it may be given ad lib , and up to 5 gallons 
per pig per day may be consumed along with about 2 lb of meal 
Scouring may occur at these levels but can be avoided with reasonable 
care Liquid skim milk must always be given in the same state, either 
fresh or sour, if digestive troubles are to be avoided It may be preserved 
by adding l-J gallons of formaUa to 1000 gallons of skim milk For 
feeding poultry, skim milk is normally used as a powder, and may form 
up to 15 per cent of the diet. It contains about 35 per cent of protein, 
the quahty of which vanes according to the manufacturing process 
used roller-dried skim milk is subjected to a higher drying temperature 
than the spray-diied product and has a lower digestibihty and biological 
value (Table 21 4) For poultry skim milk protein has the disadvantage 
of a low cystine content 

Table 21 4 Effect of Processing on the Nutnljvc Value of Skim Milk 

Digestibility of protein Biological value of protein 

(per cent ) (per cent ) 

Spray dried 96 89 

Roller-dned 92 82 

Whey. When milk is treated with rennet in the process of cheese- 
making, casein is precipitated and carries down with it most of the 
fat and about half the calcium and phosphorus The remaimng serum 
IS known as whey, which as a result of the partition of the milk con- 
stituents in the rennet coagub-tion is a poor source of energy (123 
kcal/lb), fat soluble vitamins, calcium and phosphorus Quanti- 
tatively it IS a poorer source of protein than imlk, but most of the 
protein is j8-lactoglobuhn and of very good quality Whey is usually 
given ad Ub to pigs in the liquid state Dried whey is rarely used, as it is 
intensely hygroscopic and difficult to maintain m a satisfactory physical 
condition 


Further Reading 

A M ALTsaiuL, 1958 Processed Plant Protein Foodstuffs Academic Press. New 
York 

F B Morrison, 1959 Feeds and Feeding Momson Pubbshing Co , Iowa 
B H SciiNEiDCR, 1947 Feeds of the World, their Digestibility and Composition 
Agnc.Exp Stn West Virginia Umvcisity, U S A 



Chapter 22 

GROWTH-STIMULATING SUBSTANCES 


Antibiotics 

Ant.taot.cs may be defined as chemiral 

cgamsms. wh.ch m d.lute soluUon them They 

growth of other micro-organisms, and ourooses to control 

were or.g.naUy developed for med.cal “d v^'em P ^ ^rtam 

specie pathogenic organisms, but .111949 it ^ clucks 

anttbioucs could increase the rate of ^owth y ® ^ cnioting 
when included in their diet in smaU 4”°“'/ J”" f ° be due to the 
properues of these compounds were at St^t thou^t to be du^^^ 
presence of vitamin B 12 m the antibiotic prep ’ ^ jjjg pure 

shown that the antibiotic gave greater growth responses 

"Tthe United Kingdom the Therapen.ic Substances Ac^ f^|ds 

the use of many antibioucs as animal feed supplements. 
oxytetracycUne and chlortctracycUne may be used m a ^4 f 
stuffs or in supplements intended for mcorporation >“ 
mixed on the farm, but the matenals must not contain 
specified quanuiics of anUbioUc, and they must be sold una 
approved label, which currently stales 

•In no cireumstanccs shonU this ration be fed to adult 
poultry or nimmaDls except under the duection of the veterinary 
practiuoner in aUendance * 

Apart from the three anUbiotics in current use as feed 
others such as bacitracin, streptomycin, tyrothricm, gramici m, 
m>cin, oleandomycin and erythromycin have given growth respon 
m the feeding of young animals 

Antibiotics may be classified into ‘broad-spectrum « 

such as the tetracyclines, and * narrow-spectrum * antibiotics sue 
pcmciUm, streptomycin and bacitracin The former are inhibitop' 
to a much wider range of bactena than the narrow-spectrum ao > 
biotics. 
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Antibiotics m Pig Feeding 

The optimum level for most antibiotics m the diet is thought to be 
within the range 5-15 g per ton, and there is no advantage in exceeding 
these low levels 

The response to antibiotics as growth stimulants in pig feeding 
IS very variable, but growth rate increases of from 10 to 15 per cent 
with increases of 3 to 5 per cent in the efficiency of feed utilisation may 
be expected Generally, the higher the standards of hygiene and general 
management, the lower the response The best results are obtained 


Table 22 1 The Effect on Livewcight Gam of adding Antibiotics to Two 
different Types of Diet given to Pigs from Weaning to Bacon Weight 
(From Antibiotics in Pig Food ARC Report Senes No 13,1953 
HMSO) 


Animal protein diet * Vegetable protein diet 


' 


Chlortetra- 

' 

Peril’ 

Chlortetra- 

Livewcight increase Control 

cilltn 

C}cUne 

Control 

cillin 

cychne 

Ib/day 1 17 

Gam over control as 

I 29 

1 28 

1 05 

1 18 

1 22 

percentage of control — 

10 3 

94 

•— 

22 4 

16 2 


* Containing 10 per cent fish meal 


With young fast growing animals of from 40 to 100 lb hveweight, there- 
after the effect diminishes with age. In spite of the poorer response 
m mature animals it is usually recommended to continue giving 
antibiotics to animals throughout the fattening period, since abrupt 
Withdrawal from the diet can cause a setback and nullify any initial 
advantage as a growth stimulant . , 

The response to antibiotics is greater with animals given all-vcgctabJc 
protein diets than with those receiving animal protein supplements 
Jhe latter type of diet containing an antibiotic, ho\\c\cr, still gives 
faster growth rates than those obtained on all-vcgctablc protein and 
antibiotic mixtures Table 22 1 summarises tlic results of feeding 
trials carried out by the Agricultural Research Council at a number of 
centres and illustrates these points , , . ^ 

practical pig feeding the antibiotics 
Wracyclmc are normally used, since Ihcsc hasc been found more effec 
•j'c than pcn.cillm for this species. Early research " 

J-'l not appear to be any benefit from addinfi combmalions of ant. 
>='““05 to diets, but recently it has been reported from the U S A. that 
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the pattern is changing and that a efficiency morTthan 

spectrum antibiotics improves weight gam and Iced em 

“ =;::^ilir re been added to the drets of sne^ng pigs wim some 
success, although the results are extremely dry 

been included m liquid sow milk substitutes and 
diets for young pigs with success, the mam Evidence, 

from the control of ailments such as scours There « “rn 
however, that antibiotics eventually become mcffecUve ag 
responsile for scours in young pigs Feedmg pigs 7 * 
has httle influence on carcass quality, although shghtly fatt 
may be produced 

Antibiotics in Poultry Feeding 

As with pigs, the degree of growth stimulation m poultry varie 
with the environment Under hygienic conditions growth mcr 
are small In ‘ old ’ (infected) buildings increases of 10 per cent m 
the growth rate of fowls are hkely to be obtained with similar increases 
m efficiency of feed utilisation 

The type and quantity of antibiotic given is important, ana u 
certain conditions as little as 0 2 ppm of penicillin in the diet of chic 
can increase the growth rate When newly hatched chicks are gi^^n 
diets containing antibiotics the growth stimulating effect is noticca e 
within a few days and is most marked at the end of the first or secon 
V) eck As w ilh pigs, the effect diminishes with age 

Turkey poults give even greater responses to antibiotic supple 
mentation than chicks, and increases of 15 per cent m the growt 
rale have been reported Antibiotics are widely used by the poultry 
industry, particularly m broiler production Besides the tetracyclines 
and pcmcilhn, many newer types of antibiotic have been tested for 
their growth promoting properties with poultry, among the more 
recent, zinc bacitracin and olcandomyan have given promising results 
Zinc bacitracin at levels of 5 g per ton has given a similar response to 
that of penicillin, and has improved egg production m laying hens 
Tabic 22.2 compares the cfTccUveness of some of these antibiotics 
m sumulating the growth of young chicks 


Antibiotics in the Diet of Ruminant Animals 
The effect of antibiotics on turamanls might be expected to be 
different from that on simple stomached animals, since ruminants 
depend primarily on bactenal growth for proper nutnlion As far 
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as mature ruminant animals arc concerned, the results are conflicting. 
It has been suggested that the inclusion of antibiotics in the diet could 
be harmful by suppressing the activity of ceUulolytic organisms and thus 
impairing cellulose digestion. On the other hand there is some evidence 
that, on low-roughage diets, antibiotics may have a beneficial effect on 
voluntary intake, on protein metabolism when the protein content is 
limiting, and on the digestion of starch. It is possible that antibiotics 

Table 22.2. Comparison of the Effects of different Antibiotics on tlic 
Growth of Chicks to 8 Weeks of Age • 

(From H, S. Goldberg (ed.), 1959, Aniibiotics, their Chemistry and Non- 
medical Uses, p. 189. Van Nostrand, New York) 


Antibiotic t 

All plant protein 

Plant protein 
+ 2 per cent, 
fish meal 

(None) 

(100) 

(100) 

Streptomydn 

107 

102 

Oxytetracycline 

U1 

105 

Chlortctracyclinc 

in 

107 

Bacitradn 

112 

111 

Procaine penicillin 

116 

110 


* Nine ppm of antibiotic in the feed. 

t The values arc relative weights, the weight of birds given no antibiotic being 
set arbitrarily at 100, 

may have some value when added to rations composed mainly of 
concentrates, such as those used in * barley beef * production, although 
more information is required. From results of present investigations 
it would seem unwise to recommend including antibiotics in diets with 
a normal fibre content. 

TIic ruminants most likely to benefit from antibiotics arc young 
calves, in whom both oxylclracyclinc and chlorlctracyclinc arc effective 
in improving growth and in reducing the incidence and severity of 
scours. These two antibiotics increase feed consumption and result 
in increases in growth rales of from 5 lo 25 per cent. Most of the grow th 
improvement occurs before the animals arc 8 weeks old. Tlic narrow'- 
spectrum antibiotic, penicillin, is less effective than the tctrac>*clincs. 
Tlic inclusion of antibiotics in the rations of calves is probably justified 
by the beneficial effects in combating calf scours, any growth advantage 
in the early life of the animal becoming insignificant in the mature 
ruminant. 

.\faJc of Action of Anuhlotics 

The exact method by which antibiotics exert their growth-stimulating 
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effect ts not knonn, nlthongh many 

It IS likely that there is no single explanation an 

have several modes of action r ,„i,hintics may result from 

Part of the grovith promoting action of J (,v „duce 

their therapeutic effects, and it has been Ejection •. 

or eliminate the activity of pathogens ““""S, ‘g, grovvth 

( 2 ) eliminate bacteria which produce toxins ^ organisms 

potential of the animal, (3) stimulate the E™"''* thc\rowth 

that synthesise known or unidentified nutrients (4) ,5 

of micro organisms that compete with the host for "“‘“mn 

There is considerable evidence to support the subchnical ■" 
theory, since germ free chicks, or birds reared in n it™' g„oos 

ment, grow belter than chicks in ‘ infected buildings, an 
chicks housed m the latter respond well to antibiotic supplcm » 

those vn the former show little response . n , 

The use of antibiotics leads to a reduced requirement »or vitamm oiz 
and an increased conversion of food nitrogen into ^ ’ 

which could partly explain the greater response with vegetable pro 
diets than with mix^ diets containing animal protein In ’ 
growth promoting effects can sometimes be attributed entirely 
increased food intake 


Potential Hazards in the Use of Antibiotics 

The use of antibiotics for controlling disease in Man has been 
complicated by the development of resistant strains of organisms 
It has been suggested that the continued use of antibiotics as feen 
supplements may encourage the development of resistant bacteria, 
either in the animal itself or m human beings consuming meat and 
products that contain antibiotic residues As far as the animal is con- 
cerned, there is evidence that the routine administration of antibiotics 
to pigs causes the development of antibiotic resistant strains of Escher- 
ichia coll an organism which is thought to be associated with scours 
m young pigs 

With regard to the human health hazard, chlortetracyclme is not 
detectable m the serum or tissues of farm animals when given m 
amounts of 10 to 20 ppm of the diet At levels of 1000 ppm of the diet 
this antibiotic has been recovered from tissue m quantities of the order 
of 100 ppm of tissue These trace quantities of antibiotic resulting 
from such massive dosage rapidly disappeared from the tissues when 
the antibiotic was withdrawn from the diet one or two days before 
slaughter or else when the meat was cooked 
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It seems safe to conclude from the foregoing that the prolonged 
use of antibiotics for farm animals at the normal recommended levels 
is unlikely to cause any public health hazard. 


Homones 

Natural hormones are specific chemical substances produced by 
living cells. They are normally passed into the blood stream and trans- 
ported to organs and tissues to modify their structure and function. 
Hormones have the property of being effective when present in extremely 
small amounts. Some synthetic compounds such as diethylstilboestrol 
(commonly known as stilboestrol), hexoestrol and dienoestrol, which 
do not occur in nature, have hormone-like properties. 

Of particular interest in nutrition are the growth-promoting pro- 
perties of certain hormones. Oestrogens, androgens, progestogens 
and the pituitary growth hormone are all known to stimulate growth. 
In addition thyroxine can stimulate growth, wool production and milk 
yield under certain conditions, lodinated casein is a commercial 
product which has an activity several times greater than that of dried 
thyroid gland. Results of experiments in which iodinated proteins 
have been given in the diet to cows have been variable, although if the 
hormone-containing compound is administered over a short period 
at the right stage of lactation, milk yield may be increased. Thyro- 
proteins have also been used for increasing wool growth. It is doubtful 
however if iodinated proteins are likely to be of practical value in animal 
production. 

The use of the synthetic oestrogenic hormones, stilboestrol and 
hexoestrol, has attracted more attention in recent years, and these are in 
commercial use as growth promoters in many countries, including the 
United Kingdom. 

Synthetic oestrogens may be administered to farm animals orally 
or by subcutaneous implantation. For the latter process pellets 
are usually placed at the base of the car in ruminants, and in the neck 
in the chemical caponisation of cockerels; these sites are chosen so that 
the pellets are discarded and not consumed by human beings. Treated 
poultry become docile, and fat accumulates in the body cavity, under 
the skin and within the muscles. The administration of oestrogenic 
compounds to broilers during the last 4-6 weeks of the growing period 
has been reported to give an improved rate of gain, a better carcass 
appearance, and in some cases better feed cinciency. 

The widest application of the use of synthetic oestrogenic hormones 
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..undoubtedly bccR.Rllior..dof^a«>=-d^ 

The effect ot the odmimstration °f „ smaller amounts 

from that observed m poultry, m ™ aased fat de- 

are used relative to their size, and that, muscle, more 

position, carcasses from treated animals contain more m 
bone and less fat than carcasses from as to increase 

It IS thought that the hormone alters the “'a'ato^ g^^^ae 

muscle and bone formation at the "s ,es lhan that 

the energy required to synthesise Pf “"rand tL amount of vvater 
requned to synthesise the same weight of fa .and the 
m muscle is greater than in body fat. it follows that a » 
of food will produce a higher liveweight inerease in a hormone 

than m an untreated ammal i r.,»i<*nine m 

Hexoestrol is the hormone normally used m conuncr 

the Umted Kingdom, the method “'*”'"“‘'“1'° iila isfromdS to 
being implantation The optimum implant for beef eattle is f 

75 mg, when hezoestrol IS mixed with the food P« „ 

recommended dose The corresponding levels for ‘pUs are 

by implantation or 2 to 4 mg daily m the food The best resu 
obtained with animals m the later stages of growth on a nig P 
of nutrition The degree of response vanes, up to 60 P« ' 
crease m weight gam has been reported for beef cattle, altho 
average figure is probably about 25 per cent Treatment does 
increase the amount of food consumed appreciably 
Table 22 3 shows the results of an experiment carried out a 
the Rowett Research Institute with 36 wether lambs divided m o 
three groups One group was slaughtered and analysed in order o 
determine the initial body composition of the lambs The secon 
group was implanted with hexoestrol (15 mg/ammal), while the thir 
group was not treated The last two groups were fattened for about 
90 days and then slaughtered and analysed 
The results m Table 22 3 show that the hormone treated lambs 
gained in hvcweight 27 per cent faster than the untreated animals, 
and laid down more protein, water and bone but less fat than the un- 
treated lambs 


Potential Hazards m the Use of Hormones 

A potential risk m the use of synthetic oestrogens is the development 
of * side effects ’ m the treated animals These consist of undue restless- 
ness, development of high tail heads and milk secretion from rudi 
mentary teats These side effects are more hable to occur if excessive 
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amounts of hormones arc used A more serious criticism is the human 
health hazard arising from the possible carcinogenic properties ot 
residues of the synthetic oestrogens in the carcass. In the USA. the 
use of stilboestrol for chemical capomsation of poultry was made 
illegal because rmnute residues of the hormone had been shown to be 
present in the hver, skin and kidneys of treated birds. In the USA. 


Table 22 3 The Effect of Hexoestrol Implantation on the Growth of 
Lambs over a 90 Day Period 

(From T» R Preston* Isolme Gee, and J A Crichton, 1957, 
jgne Rev , 3, 39) 


(1) Increases m the Iweweight and certain constituents of the carcass 
of Iambs during fattening 


Increase in 

Hexoestrol group 

Qb) 

Control group 

Ob) 

Effect of hexoestrol 
(per cent ) 

Lweweight 

52 0 

41 0 

+27 

Fat 

10 7 

114 

—6 

Protem 

29 

21 

+ 38 

Water 

10 6 

70 

+51 

Bone 

23 

1 0 

+130 


(2) Efficiency of food utilisation 

Hexoestrol group Control group 

Increase m hvcweight per unit of organic matter 0 236 0 191 

consumed (Ib/ib) 

Increase m protein m edible meat pec unit of 0 076 0 058 

protein consumed (Ib/lb) 

Increase m energy m edible meat per unit of 0 539 0 580 

organic matter consumed (Mcal/lb) 


stilboestrol may be used for fattening beef cattle and sbeep, but its use 
IS governed by strict regulations on levels and feeding rates, and is 
subject to the condition that no residue of the hormone shall be present 
m any edible portion of the treated animal after slaughter 

A further criticism of the continued use of hormones is the possible 
contamination of pastures through the excreta from hormone-treated 
animals This risk could be particularly great for breeding animals 
subsequently grazing these pastures, who should never be given synthetic 
oestrogens. 

The whole question whether hormones should be used as growth 
promoters is still debatable, but ,t seems logical that with any feeding 
system llic economic advantages, however great, should never take 
precedence over any potential ntk to human health 
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Other Growth stimulating Substances 

Arsemcah Aisemo compounds have ““jni“appearancc 

medicine as • tonics ’ to improve the general 

of animals In 1949 it was reported «>at added to the 

promoung properties similar to those o included 

diets of chicks Compounds found to hav“ tni 
arsanilie acid, sodium arsamlate. arsonic acid (3 nitro-u- y 
phenylarsonic acid) and arsenobenzene m increasing 

Although the exact mode of action of btncScial effects 

the growth rate is unknown, it seems likely 'hat t ^asiderable 
result from their acHon on the intestinal microflor 
care is required m administering arsemcals non- 

IS a cumulative poison and there is always a danger tha 
suming meat from treated animals will be harmed earned 

Copper ouiphate It has been demonstrated in 
out at several research centres that copper sulphate added 
fattening diet of pigs at a level of 0 1 per cent of the ^ j ,j 
to about 250 ppm added copper) improves the rate of gam an 
conversion efficiency between weaning and bacon weight . ^ r^- 
level of copper vs far m excess of that regarded as sabsfactop^ 
normal growth, the beneficial effects of copper sulphate at Ihi s 
level do not appear to be concerned with meeting a particular n 
tional requirement for this element Although copper sulp nte 
been, and is still, included in many commercial pig diets, its use 
been widely criticised Copper is a cumulative poison, and the 
of pigs fed on diets supplemented with copper sulphate may contai 
up to 20 times the conceutration present in livers of untreated anima s 
It has been pointed out, however, that the copper content of pigs hvef 
IS usually very much lower than that of other farm animals, and even 
when increased twenty fold the liver copper of the pig is only three times 


the normal copper content of calves’ liver 

A further possible danger is introduced by the difficulty of ensuring 
adequate mixing of the copper salt in the ration This is particularly 
important because the safety marpn is low It is known that 500 ppm 
of copper, 1 e double the recommended dose, is defimtely toxic to pigs 
Sheep are particularly susceptible to copper poisomng and there are 
several recorded cases of deaths through sheep eating copper fortified 
pig meals 

Tranquilhsers These compounds arc normally used medicinally 
for reducing hypertension and nervousness Certain tranquillisers such 
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as the natural alkaloid of Rauwolfia, reserpine, and hydroxyzine have 
been shown in certain trials to improve daily liveweight gain when given 
to fattening bullocks. In other experiments the response has been nil, 
so that opinion is divided about their beneficial effects as growth 
promoters. Chlorpromazine and reserpine have been used to reduce 
excitability in fowls. It is possible that, where beneficial effects of 
tranquillisers as growth promoters do occur, these result from their 
aetion on the central nervous system protecting the animal against 
environmental stress. 

Surfactants (detergents). It was reported in 1951 that certain sur- 
factants had growth-promoting properties. Subsequent experiments 
have given contradictory results, and where responses have occurred 
these have not been as great as the responses from antibiotics. 


Further Readino 

M. Wotdeine (cd.), 1962. Antibiotics in Agricutiure. Butterworth, London. 

It. S. Goldberg (cd.), 1959. Antibiotics^ their Chemistry and Non-medical Uses, 
Van Nostrand, New York. 

C. A. Lassiter, 1955, Antibiotics for Dairy Cattie. A Review. J. Dairy Sci., 38, 
110^1138. 

Antibiotics in Pig Food. Agricuitural Research Councii Report Series No. 13, 1953. 
H.M.S.O., London. 

R. B^ude, S. K. Kon and J. W. G. Porter, 1953. Antibiotics in Nutrition. A 
Review. Nutr. Abstr. Rev., 23, 473-A96. 

<1'*^ Applications in the Production of Meats, Milk and Eggs, 
National Academy of Sciences — National Research Council Publ. No. 
714. Washington, D.C. 
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Note on the Use of the Tables 

The data given in these Tables have teen 
sonrees, a Ml list of tvhieh is given at the end of he 
0 / figures does net mply a sera, but merely that the information 
given m these sources 

Composition Tables I~6 . c „,vpn 

The composition of a particular food is variable, ^ 

in these Tables should be regarded only as representativ P 

not constant values .,„ri.ssed as 

The proportions of major constituents have been exp _ 
percentages For trace nutnenU, the umt ‘ parts pet rmlli P 
has been preferred to mg/lb The unit ppm is equivalent to msx^ 
and since 1 U K ton equals 1,016,047 g, for practical purposes ppm 
can be regarded as being equivalent to g/ton j j.-nn 

In Table 1, metaboUsable energy (ME) values are given m 
to starch equivalent (SE) figures The ME values have r 

from total digestible nutnents (TDN) on the assumption that 
TDN supphes 1616 kcal ME for ruminants 

In Table 2, digcsuble energy (DE) values have been calculated trom 
TDN, obtained from digestibility trials with pigs, on the assump o 
that 1 lb TDN has 2000 kcal of DE 
In Table 3, most of the values for poultry foods are abstracted fro® 
MAFF Bulletin No 174 (Reference No 3), and for a descnption ot 
the method of calculating the ME values the reader is referred to I is 
publication 


Au/rient Requirements Tables 7~U 

The sacntific rationing of farm nmpinls is based on standards ex- 
pressed in terms of cither ‘ nutnent requirements ’ or ‘ nutrient allow- 
ances * Tlicse terms arc defined m Chapter 14 The figures in these 
Tables arc expressed as nutrient requirements, with the exception of the 
energy and protein standards for ruminants, which are allowances 
since they include margins of safety for variation between animals 
As far as mineral and vitamm requirements are concerned, the 
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standards should be regarded as the minimum amounts which should be 
supplied to the animal. 

British-Metric Equivalents 


One oz 

= 28-349 g 

One lb 

= 453-6 g 

One cwt 

= 50-8 kg 

One ton 

= 1016 kg 

One kg 

= 2-205 lb 


[TAnU! I 
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Wheat 87 13 2 2 7 1 8 1 9 10 G 717 1435 

Fine nudillitigs • (85 per cent extr) 87 141 10 3 4 3 4 9 9 0 51 4 1020 

Coarse iniddhngs (85 pcr_ceflt. extr) 87 12 3 13 4 3 9 6 0 6 7 41 2 825 



APPENDIX TABLE 2 


375 


VI in o Q c 
v\ o r- ^ 

Tf ^ 


O v> v^ O 


On VO 


O C4 d ^ 


OnViO^tT 
VO r«N O •-> OO 
»-i m VN « fn 


o\ v> d o\ 


M o\ o v> 
VN VO VN V) 


<*N 00 VO ^ 

^ o o oo d 


Vi «o VO O V> 

r> 'f o d — 


I I 


d 00 00 O d 

o m c\ 

d Tf Vi 


dvor^cod 
fjj fo d m d 


•3 

s 


s 

$ 


I 


s- y 8 =■?; 

Isasel 

S 6*0 


t-t ^ 5 § S ’ 


i3 •S -*3 

It-"- 

Si'a I 

-Sg o 


i^Q^IS llli 


I s 

•i a 

•3 3 

.-J 



Table 3 NUTJUUVE V, 


376 


ANIMAL NUTRITION 




Tadix 3 concluded 


APPENDIX. TABLE 3 


377 


r* rj Tf o\ 


o o o o 

fO CT\ M VO 

r* ov 00 


o o 
o 
oo r>i 


vovon'or4Nt^o\«-« 

«OrOVO<MOOOO^O^O 

«~iCS«sn 


r4'»t^f^'oo\r'<nvo 

vo‘n*H'^>o^Cv»-i<s 


ovOoovoo«-<avo\ov 

ooof-mor-^t^ov 


VO 'J- cs — I 


w*> pp» 00 © © 
tn — Ov 00 ^ 

fs F4 c 


vOvo*-iK^vOfSO^CS 


W'tnwr>a\r»‘©ov 

©-<j-f^Ov©©vo© 


^ocor^vo-^o'o^^■vo 

o^r'•r^o^r^•o^vo^^v^ 


Or4rjoo«nor' 


>< K K », 

« W o /-»/-» 5 

“ “ “ is Q./^S 

«aa..,ssa^ 

sss^rrAi 

“^GScc;S"^*^i55 

1 if 1 3 i s s 

.SgiSoo ^-'’-'’•5-9 


S 3. c 

^ G O 3 
DmCmt/i Vi 


C c 

Ui 


^ 'I— •*•3*3 rt3 

S-= JJ-o g g §-3 

a'l I ^ o| 

a 1-5 11^41^ 



378 


ANIMAL NUTRITION 


3 UtS 0 I<X 

uoqdoidOx 


^ o o 

'O 


~ N «A 
«n M 
O o o 


»no%r»*»'Ov>*r»^cSONr«- 

0 «o 0 'x 0000'^00 


asss I aasRSs 

o>^oo oooooo 


OOOOOOOOOOO 


auiuoajqi 


g autut^D]<u 3 qj 


aunA-j 


o <J»Oi 

>A 

M o o 


_ o o 
<» v> o 


M o o 


ooo 


aulifiQ 


g aumiSjy gj ;; 


O uiaiojd apnjj 

% 

2 

< 


\oo*/»ooftfno\^ooeor>» 

ooooooooooo 

ooooooooooo 

9 ^A 4 CoNr^r 4 r 4 'or >^9 

0 r 4000000'><00 

o— •<or 4 ^o>tr-vo^De 
0«000000000 

o«nMfS'*>o~o>«***e 


o o o 

o v> 


ssasRsasKSS 

o»ooooeoeoo 

S8S, ,SM 1 I 1 

f*K3\0\ ,22'® ,Ow^«»lO 

fH<»— o- 

ooo oo'oooo 

<»^«St^Ovriai/>r~t<ir»>vO 

v%n«n^r<^'«'r'rco•"0^ 

0 r 40 >« 0000'^'^0 

r~«rtoeoovOr^606or~o\ 


|qo£ 


12 > 

■8 |l 

■a I ^ |ll 

« ^ -2 Ego 

3 S ^ g?S 

^ a<§ 8 

S^^ 3 ! 3 w"^ 3 SSS 

IsSiga^llfS 



APPnNDIX: TABLE 4 


379 


0 »cp^q\ 0 q\ 0 « 7 i^ 


^oo' 0 -Hir>r>»o'or 4 o 

t;'r^op'^'«t<so'oop-^ 

t^cscnTf-e^ot^orJcs 


O*-«M*M»nr^«i-> 0 NC\»n 

wts^oor^' 0 »n» 7 *oo\ 

6 A*-i» 1 .ooo»hAo 

•oo 5 «ooor~<Mr 4 » 

•M\p^spsots*^vp'o^ 

oooooooooo 

rj<s^oo\OfSOONVo 

'•pcn'^'ncMvo'O*^^^ 


r^O'^'ov>opt^t^» 7 <o 

io\ovoor^^vo-Hce«/^ 

«S>ow>oio^fn^fn<s 

ooooooooo^ 


^noog^\ 0 'ovo<so— ' 
o«oo\»^ior 7 '' 0 '^^o^ 
»-.Ai«.ts^ 66 fn<S« 

SlS 5 C 5123 ^t 2 !«'f^ 

fMfnvpfnotso^^fS 


oooo -<«ooo\<s,foco,o 

r-ox Moxtsvnts i^o oo 

oo NAfM*^A 6o o 

\orl p>»«-«Oxf<x«/xvo^O\MO 

fofs •-Hvoqv^mom'ooofn 

OO 6 6 6 6 6 o 6 6 6 

tsivo rfVOOO^OXOOOO.'^O 

rso fOTfooior^»M'^fn'p'o 

'i- CS M O o A 


i*-! W 1 CSC'JrO*-< 0 «-‘OfS*' 


r^r^fvjMt-a^oooo 

CpOtN'^opfS^OppO 

t^'jfVX'S-NONOcbcix 


e\oovov©Tj-mor*-c*xo 


> — — -^ooo»- — © 


a = ;^s 8 =ssa 8 

-.t-*-Nts 6 ©'^©*-«A 

M I I I I g I 1 1 


ig 1 i 2 1 1 1 1 : 


fS* 7 'op.^.^vn<NpMp 
poofnio— lo'ooxin'o 

r^fn*nrffn*-i-^‘OTfrr> 


1 o , , , , m rJ ^ ^ 

g gS£g 

o oooo 

r--H'^-M'»t'«a'Ovooo 

rncjN'ppi>.^p*7«>n»n 

mcncnrnMoAotsts 

ppt^Movop'opt** 
co'ovor^'o m^NO^ 


d— — 

3 3 8.^1 g-S-S-s j, 

Ees-sSElll ■§ 

— — « Stst; c c e V 

SigEEESSb 51 
Siiis^sa's "If 

aso-Jsllal y 


•S ® P & 

^ - = s-i » 
1-3 8 --Sx:-S- 5 i!-§ 

?.SgS 3 -gB-g-nio 

1 J 3 'S|| = = = -=I 

*§s 3 U.SZZZZ)«^^ 



380 


animal nutrition 


SUt/oi/D ^ 25 ^'^ — ®'*'' —-* r«r 4 -'-^ 


i 5 835 SS 55 ;g§ 
' S 'T f > "" 


CJjj umoiiyi ^ 


, 0^3 ooooo 

1 1 1 M 1 1 n 1 1 11 1 1 n Soo i°o°°° 


90 ^ umvuA 

30 OlUitjlOlUDJ ^ 


5 o I >0 M 


' t~ >o ' >« •» ' ’ 


\o o 't M ^ 

5 


ic;i iSi N I 
I 1 1 1 i 1 ' 


piio 3 iini 03 >H 


I S: 


S 25 SS 8 asgsRi! 




uioojMih g; — M 

5 f»f>.fs*rooor»o, , 




I 1 1 iS 1 1 M 

2 l 1 iSSl M 


5 M ori* , «A , O 1 2 1 I 1 1 . 

j unuoit 

|^i°iii::Mi imSmS mMoM'' 


'I 
"3 t 


ili 


■i 1 t 3 = s 


53 ss 55 


13 333=11 

ll-l gllllll ■f'lj %%% 

I i-lil llllll il Pl P. 


A a 

* — -O 

111 


4^3 


Table 6 MINERAL CONTENT OF FOODS 


APPENDIX TADLE 6 


381 


I I I I I I I I I 


^ 'ooooooo 


g <SiAOO«O»A»-«00 

jaado^ S, mvor-ioMOoveo 
R, ^ ^ « 


asauoSuow % ^oo^voooior^oo 




«n o ON «<> O [ ^ 


mnpos ^ § 


ONOWN»-ir«.or'NO 

oooooooo 


uimsauSow 

oooooooo 


o o o o o 


oeo-* 0»rte<> 

OSS'-! cn — ts .^ O-H 

ooo ooo ooo 


SiuoudiOUj 

• oooooooo 

»»•. VOX^^^OtSONO 

UWtOW'J vort-vOn'S-'O-Hr^ 

oooo-^-*<^-« 


ooo ooo oooo 


jaiJDiu Xjq gg 22S222S220 ’«j-ooo oooooo cooono 

OgOooOOO CSrocS OOQOOO ogONOOON 


Ss a Sa 

Siis-s sll-S 
3elj« 


Continued overleaf 



TA»i-t 6 coHiuiueJ 


ANIMAL NUTRITION 


ourz 

5 

§: 

1 n 1 

sa:;2 l"s 33 ;sss 


ppm 

1111 

0 10 
018 

004 

0 06 

0 10 

0 08 

jscfdoj 

tudif 

W I .rtr- 

0 ' 0 0 

« -H . . . 

1 1 1 

t»> — ■ 

xmdSuoj^ 

1 

I- 1 1 

r- 

'*io*oospve© 6 o<^o^SJ 3 

”* t^e»»»->'0»*«>^0'002 

UOJJ 

1 

'O 

^ r>» 

SSE;?FiSSSS 1 1 1 

tump^s 

per 

cent 

0 ^ •ri VO 

^ 0 0 0 

0 0 0 0 

SS .SSSSSS 1 1 1 

o© ' 000000 

xumzauSoyi ^ 5 

S3s© 

«®oo 

1 1 1 

ooooooooo 

nuov*<'V</ 1, § 

ssas 

0 0 © 0 

£J^r»«OWf^*»OvOOOO 

o-«oeeooeooo*-> 

tumaioj ^ 5 

00s 

002 

006 

006 

©— oo — 3 ooooo-« 
000000000000 




Tabu: 6 concluded 


appendix: table 6 


383 


1 1 1 I K 1 ' |§ ' I S" 


2 33 
015 

0 42 

010 

1 1 

0 14 

0\ 00 IS 1 

w ^ j n <n 

1 1 

1 » iss ' 1 

fO Os o\ OO 

ri "o fsj 

VO ^ 

1 O 1 1 00 VO 

1950 

97 

169 

130 

1 1 

310 

0 04 

0 03 

0 11 

0 34 

1 1 

0 47 

0 05 

0 05 

VO ^ ^ 00 t*» 

«0 o 1 

O O o O ' o 

1 1 

0 35 
016 

0 01 

0 01 

-■ </% Irt o\ o 
so «-l \0 00 V) VO 

O fH o o o o 

060 

090 

o o o o 

o t- ^ ^ ® fS 

fO Tf © o o o 

S2S9SS 

O O o O o o 

on 

0 07 

o ^ 

w ro r-> O 

o o o o o o 
ro 

Ov — < lO VO o 00 

VO VO «5f VI ^ vn 

00 oo 
cs <s 

t'. O CO eo o VO 

m -- m O O VO VO 
oo CS »-« 

<s o Ov 

CV 0> ov ov 9\ QO 

«n 

00 oo 

O o CO o oo 

OV Os o\ «-v -H C\ >0 



4 


UJC solul 



384 


ANIMAL NUTRITION 


Table 7 FEEDING STANDAJIDS FOR DAIRY CATTLE 


I Mauxienance (Daiiy requirements) 


LiueM eight 

Starch 

equivalent 

Digestible 

crude 

protein 

Calcium 

Phosphorus 

lb 

lb 

lb 

8 

g 

SOO 

5 1 

0 51 

13 

19 

900 

55 

0 55 

15 

22 

1000 

60 

060 

16 

23 

1100 

65 

0 6S 

IS 

26 

1200 

69 

0 69 

19 

28 

Lactation (Requirements per lb ouUt) 

Fat content Starch 

of Milk equivalent 

Digestible 

crude 

protein 

Calcium 

Phosphorus 

per cent 

lb 

lb 

g 

g 

35 

0 27 

OOSl 

\ 2 

08 

40 

0 29 

0056 

1 3 

08 

45 

0 31 

0063 

1 3 

08 

3 0 

0 33 

0 070 

1 4 

08 


3 Pregnancy (Daily requirements add to znaiotenance during last 2 months) 



Digestible 

Starch 

crude 

equiialenl 

protein Calcium Phosphorus 

lb 

lb 8 S 


06 


17 
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Table 9 FEEDING STANDARDS FOR SHEEP 


1 


Liveweight 

lb 
60 
80 
100 
120 
140 
160 


Starch 

equivalent 

lb 

023 
090 
107 
123 
1 38 
1 52 


*Dtg^stible 

crude 

protein 

Ib 

009 
Oil 
013 
0 15 
017 
019 


Calcium Phosphorus 


20 

29 

40 

49 

57 

65 


15 

20 

28 

37 

46 

53 


for wool production, but will be slightly 


• These values include a requirement 

lower for the hiU breeds 

2 GroBll andfamnwg (Requirements per 


Liieweight 


100 

120 

140 

160 


Starch 

equivalent 


1 5 
I 

20 
25 
30 
3 8- 


protein 

Ib 


Calcium Phosphorus 


73 

81 

90 

90 

90 

90 


28 
28 
32 
35 
3 8 
38 


3 Pregnancy (Daily requirements of ewe, last 6 weeks) 
Digestible 
Starch crude 

Liveweight equivalent protein 

lb lb lb 

120 1 83 OK 

140 1 98 0 28 

160 2 12 0 30 

4 Lactation (Total daily rcquirciDcnts)t 


Calcium Phosphorus 


8 1 
8 9 
96 


54 

63 

70 


Liveweight 

lb 

(0 First 10 weeks 


Starch 

equivalent 

lb 


297 

120 3 13 

140 3 28 

160 3 42 

(li) Latter part of lactation 

100 202 

120 218 

140 2 33 

2 47 


Digestible 

crude 

protein 

lb 

054 
0S6 
0 58 
060 

034 
0 36 
0 38 
040 


Calcium Phosphorus 


13 0 

13 9 

14 7 

15 5 


94 
10 2 
11 0 


8 3 
92 
10 1 
10 8 

56 

65 

74 


\ Assuming a milk yield of 4i Ib/day m first 10 weeks and half this quantity iQ 
the latter part of lactation 



387 


appendix: table 10 
Table 10 FEEDING STANDARDS FOR PIGS 


Young pigs BoconcTs PfCg~ Lac- 

A ^ f — — ^ nant fating 

Lwe\veight Qb^ 3-10 10-20 20-50 50-100 100-150 150-200 sows sows 


DE (kcal/lb) 

2175 

1625 

1525 

1500 

1400 

1400 

1500 1500 

Crude protein (per 
cent) 

Ammo acids (per cent ) 

30* 

23t 

m 

16§ 

15§ 

14§ 

14 

17 

Histidme 

0 45 

0 30 

0 20 

— 

— 




Isoleucme 

M5 

0 75 

0 50 

— 

— 

■ — 

— 

— 

Leueme 

1 44 

0 97 

064 

— 

— 

— 

— 

— 

Lysine 

144 

0 97 

0 75 

— 

— 

• — 

*— 

— 

Methiomne 

1 20 

0 79 

0 52 

— 

— 

— 


— 

4- cystine 
Phenylalamne 

105 

0 72 

0 47 





— 

— 

— 

+tyrosine 

Thieonme 

0 91 

0 61 

0 40 









— 

Tryptophan 

0 31 

0 20 

0 13 

— 

— 

— 

— 

— 

V^ine 

IQt 

0 64 

Q44 

— 

— 

— 


— 

Vitamms 

A (I U /lb) 

1000 

1000 

800 

600 

600 

600 

1500 

1500 

D(IU/lb) 

100 

90 

90 

90-60 

60 

60 

60 

60 

Thiamine (ppm) 

1 7 

1 3 

1 2 

1 1 

1 1 

1 1 

1 1 

1 1 

Riboflavm (ppm) 

33 

3 1 

26 

22 

22 

22 

33 

3 3 

Nicotinic acid (ppm) 22 

16 

15 

15-11 

11 

11 

18 

18 

Pantothemc acid 

13 

11 

11 

10 

10 

10 

13 

13 

(ppm) 

Vitamin Be (ppm) 

1 1 

1 1 

1 1 




__ 

. 

Vitamin B 12 (ppm) 

Afwcra/s 

0 022 

0 

0 

0 015 

0 011 

0 011 

0 011 

0 011 

0 011 

Calcium (per cent) 

1 05 

1 00 

0 7- 

05 

0 5 

05 

06 

06 




0 5 






Phosphorus (per 

OSS 

0 so 

06- 

04 

04 

04 

04 

04 

cent) 



04 






Chlonnc (per cent) 

009 

009 

0 16 

— 







Copper (ppm)[l 

22 

20 

20 

— 



— 



__ 

Iron (ppm) 

no 

100 

100 








Magnesium (ppm) 

— 

462 

440 









Manganese (ppm) 

— 

40 

37 

— 

— 

— 





I’oiassium (^ 

0 4S 

0 45 

0 30 

— 







cent) 

Sodium(pcrccnl ) 

0 14 

0 14 

0 10 






Zinc (ppm) } 

l>oics — 


100 

100 


— 

— 

— 

— 


• All prolan from dncd rmlL. 

t '‘Uwvl proictni from cereals, dnc4 nulk and hsah proltm foods, 
t MiLcd proicms from cereals and higb>proicm foods such as fish meal and 
soja bean meal. 

i May be hifthcrv>iiihpoof-<iaaljiy prolan. 

i. Lotls whiUi ha\o presented sicns of dcf»via>cy, but are probably abo^e 
ir-nu',.xa rct,uuciT»cnu. 
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Table U 

1 Bici-gy • (kcal ME 


Maintenance 
Maintenance and 


animal nutrition 


feeding 
per day) 


STANDARDS FOR POULTRY 

Liveweight (lb) 


Egg production 


3 •» ^ 


production 20 per cent 
40 per cent 
60 per cent 
SO per cent 


165 230 
190 255 
220 280 
245 305 
270 330 


285 

310 

335 

360 

385 


6 

335 

360 

385 

410 

435 


2. acidi t (per cent of an dij diet) 


Chicks 
((M neeks) 


Turkey poults 

Layers (0^ weeks) 


Arginine 

Cl) cine 

Hitudine 

Isolcucme 

Leucine 

Lywne 

Mcthionmc+cyttme 

Phenylalanine + tyrosine 

Threonine 

ToTlophan 

Valine 


08 

10 

0 35 
05 

1 5 
10 

07 
1 2 
0 55 
01$ 

08 


05 
07 
05 
0 55 
07 
04 
013 
0 55 


09 

08 

1 5 
09 


3 Viiamliu J (concentration in air-dry diet) 

CAfcitr (first 

few %eeks) Layers 


A(lU)lb) 700 2000 

Dj(lUnb) l-*0 270 

K (mcnaphihorw) (ppm) 0 W — 

Thammc (ppm) 10 — 

Ktbo(ta>in (ppm) 4 0 2 5 

Nicounic a^ (ppm) 28 — 

ranioihcnic acid (ppm) lO IS 

N iiumn U« (ppm) 3 5 20 

U.oua(rpro) 003-005 — 

I ol*. AvU (ppm) t 5 0 30 

N iiarua Uu (ppm) 0 02 — 

OwjUm (ppm) I300 — 


Breeders 

Turkey 

poults 

3000 

800 

270 

500 





I 0 

40 

3 5 


20-50 

65 

10 5 

40 

30 

0 IS 

— 

0 5 

I 5 

0 002 

ooot 

IlOO 

1*00 
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ABLE U concluded 


. Minerals § (concentration 


Calcium (per cent ) 
Phosphorus (per cent ) 
Chlorine (per cent ) 
Copper (ppm) 
lodme (ppm) 

Iron (ppm) 
Magnesium (ppm) 
Manganese (ppm) 
Potassium (per cent ) 
Sodium, (per cent ) 
Zinc (ppm) 


air-dry diet) 

Chicks (first 
few weeks) 

10 
0 43 
0 06 
32 
0 35 
40 
250 
35 
02 
0 11 
15 


Turkey 

poults 

1 5 
06 


Notes — 

The reciuircmenls for some nutnents are influenced by the energy level of the diet. 
The figures given in the above table, except when otherwise stated, relate to diets 
of energy content around 2 8 Meal ME/kg (1270 kcal ME/lb). For fuller details 
about individuai nutrients, the reader is referred to the ARC. publication on 
the nutrient requirements of poultry (Reference No. 1). 

* The energy requirements vary depending upon the microclimate surrounding 
the laying hen, and will be about 5 per cent, higher in winter and 5 per cent, lower 
m summer than the values given. 

. No of eggs laid 

Per cent, production «= jn z : j X 100. 

No. of days in observation period 

f Mcthionuic can be replaced in part by cystine, although about 40 per cent, of 
the combined icqmrcment should be m the form of methionine. Similarly phenyl- 
alanine can be replaced in part by lyrosme, but at least 50 per cent, of the combined 
requirement should be m the form of phenylalanine 
The figures in itahcs relate to purified diets containing about 3 1 Meal ME/kg 
(1410 kcal ME/lb). 

J The requirements for vitamin E are ill defined and it is not possible to gi\c 
reliable estimates. 

§Thc calcium requirement of the laying hen vanes with the level of production, 
tanging from 2g/day at 40 per cent, production to 4 g/day at 80 per cent, production. 

The phosphorus value is that quantity of inorganic phosphorus which, when 
supplemented by the phosphorus contnbuicd by the plant materials m the diet. 
wiU satisfy ihc requirements. The requirement of the laying hen is about 0 3 g/day, 
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Absorption, 55, 104, 112-114, 116ff 
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metabolism of, 125ff 
utilisation of, for fattening, 176, 178 
for maintenance, 173 
for milk production, 179, 268ff, 275, 
276, 285 

Acetoacetate, 266 
Acetone, 12, 266 
Acetyl choline, 70 
Acetyl coenzyme A, 98, I251T, 266 
/4e/ui/ea miUefohum {see yarrow) 
Acidosis, 266 
Ackerman factor, 3S5 
Actin, 125 
Activators, 100 
Activity increment, 221 
Acyl coenzyme A, 132, 141 
Adenine, 42-44, 124, 138, 309 
Adenosine, 42, 43, 124 
Adenosine diphosphate (ADP), 12411 
Adenosine monophosphate (AMP), 43, 
124 IT 

Adenosine triphosphate (ATP), I24fr, 
162, 172, 173, 177 

Adenylic acid {see adenosine mono- 
phosphate) 

Aflatoxin, 347 
Agar, 19 

Agrostis spp. {see bents) 

AI.V. silage, 307 
Alanine, 36, 44, 66, 135. 138 
Albumins, 40, 41, 267, 268 
Atdch)dcs, 28 
Aldoses, 8, IS 
Alimentary canal. 106IT 
Alkali disease, 94 
Alkaloid!, 44. 46. 47, 201 
AlUntoin, 129 
Alummmm, 269 
Amides. 44, 46, 201, 296, 301 
Arnmes, 44, 4$, 30‘> 

Amina acids, 34tT 


Ammo acids, absorption of, 113, 120 
as products of digestion, 110, 119, 211 
as source of energy, 133, 275 
available, 209 
chemical properties of, 34 
deamination of, 118-120, 133 
essential {see Essential amino acids) 
formulae of, 36 
m cereals, 331fT 
in grass, 296 
m milk, 267, 268 
m protein concentrates, 345tT 
in protein synthesis, 1351T, 162, 200, 
201, 206, 207 
in Silage, 309 
katabolism of, 133 
requirements of pigs, 242(7, 293 
poultry, 242(f, 260 
ruminants, 226 
synthesis of, 135, 175 
Ammopeptidases, 105, 106, 109 
Ammonia, in metabolism, 133, 134 
in milk, 268 

m rumen, 84, 118-120, 211,212 
in silage, 309 
Ammonium salts, 201 
Amygdalin, 12 
Amylase, 104, 105, 108-112 
Amylopcctm, 16, 17, 332 
Amylose, 16, 332 
Anabolism, 123 
Anaemia, copper deficiency, 86 
iron deficiency, 85, 113, 264, 265 
pernicious, 70 
Androgens, 363 

Animal protein concentrates. 35 1 IT 
Animal Protein Factor (APJO. 70, 332. 
353 

Anomen, 9 
Antibiotics, 33Sfr 
Antioxidants, 28, 29, 38 
Anti pcmidous anaemia factor (APA), 
70 

Apo-enryme, 100 
Arabons, 7, 13 
Arabirune. 10. II. 13. 18. 19 
Arochidic acid. 22. 30 
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Aiachidonic acid, 22, 23 
Arginasc, 100 
Arginine, 45, 106, 134, 243-245, 293, 296 
as essential ammo acid, 38, 207 
formula, 37 

in protein synthesis, 136 
Armsby, H P , 183, 184, 188 
Arsanilic acid, 366 
Arsenic, 94, 102, 269 
Axsenicals, 366 
Arsonic acid, 366 
Ascorbic acid (see Vitamm C) 

Ash, 3,4, 158, 235, 258, 272 
Asparagine, 46, 296 
Asparagosan, 18 
Aspartic acid, 36, 44, 46, 133 
in protein synthesis, 135 
Aspartic deaminase, 133 
Aspergif/us ^aius, 347 
Assoaative effect of foods, 150, 179, 193 
AstraguJus blsulcatus, 94 
Atherosclerosis, 32 
Atropine, 47 
Aiena satna {see oats) 

Avidm, 69 
Autocatalysis, 108 


Bacitracin, 358, 360, 361 
Bacteria, in digestive tract, llOff 
iQ silage, 306ff 
Banum, 76, 95 
Barley, by products, 334ff 
feed. 336 

gram, 14. 331. 334ff 
straw, 323 
Basal metabolism, 157, 165 177 217 
218,227,263,291 
Beans, 61, 303 
Beeswaii, 30 
Bents, 298 
Ben ben, 48 
Bela culgara, 324 
Betaine, 45, 46, 309, 328 
Bile, 108, 109.112,114 
Bilirubin, 109 
Bihverdin, 109 
Biological omdation, 124 
Biological value, (BV), 204ff. 240 242 
278, 294 * 

for wool growth, 246 
m factonol calculations, 228 
of food proteins, 206, 345 
of microbial protem, 212 
BioUn, 69, 82, 139, 270, 282 


Black tongue, 64 
Blaxter. K L , 195, 197, 225, 276 
Blind staggers, 94 
Bloat, 118, 303, 334 
Blood. 3 
dried, 355 
minerals in, 76fr 
Bloodmcal, 86, 355 
Bomb, calorimeter, 157, 171, 274 
Bone, 55, 77, 95 
Bone flour, 78 
Boron, 269 
Bracken poisoning, 62 
Bran, 328, 337-339 
Brossica »<ipo6rjss<ca {see swedes) 
Brassica rapa {see turnips) 
Brassicas, 303, 326 
Brewers’ grains, 328, 335 
Brewers’ yeast. 335, 336 
Bromine, 76. 95, 269 
Bniaticr’s glands. 109 
Burnet. 299 
Butler, 26, 348 

BuUerfat, 26, 27, 158, 179, 267ff 
Buiylatcd hydroxyanisole, 29 
Butync acid, 22, 26, 27, IIO 
to rumen, 117 
to silage, 309 
utilisation of, 173, 176 
Butyryl coenzyme A, 140 


Cabbages, 303, 304 
Cadavenne, 45 
Caeca, III, II2 
Caecum, 107, 110, 121 
Calciferols, 54 
Calcium, 76ff, 149 
absorption of, 113 
availability of, 152, 153 
deficiency symptoms, 77, 78, 265 
m animal body, 76, 77, 248 
eggs, 258 

tti milk, 267, 269. 279, 287, 289 
ititerrelations with, magnesium, 83 
manganese, 92 
phosphorus, 78 
Vitamin D. 55. 77 
anc, 93, 114 

requirements for, egg production, 259 
lactation, 280, 281, 287. 289, 294 
maintenance and growth 248, 249 
reproduction, 257 
sources of, 78 
Calcium phosphate, 78 
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Calorie, 123 

Calorific values, 158, 170 
Calorimeter, animal, 163-165, 183 
bomb, 157, 171, 274 
gradient layer, 164, 165 
Calorimetry, direct, 163-165 
indirect, 163, 165{f 
Calves, feeding of antibiotics to, 361 
mineral deficiencies in, 77fr 
rumen flora in, 1 16 
vitamin deficiencies in, 52ff, 250 
Cannibalism, 82, 259 
Caponisation, 363, 365 
Capric acid, 22, 26 
Caproic acid, 22, 26 28 
metabolism of, 132, 135 
Capryl coenzyme A, 140 
Caprylic acid, 22, 26 
Carbamic acid, 133, 134 
Carbamyl phosphate, 134 
Carbohydrases, 104 
Carbohydrates 2, 6flf 
absorption of, 112 
classification of, 6, 7 
determination of, 5 
digestion of, 104ff, 11617, 148 
m eggs, 258 

10 grasses, 295, 298, 302 
in milk, 268 
m silage, 308-312 
metabolism of, 126ff 
oxidation of, 126ff, 166 
utilisation of, for maintenance, 173 
for production, 176ff 
Carbon balance, 163, 169-171 
Carbon dioxide, m rumen, 117, 118 
in respiration, 126ff, 168 
Carbonic onhydrase, 92 
CarboxypepUdasc, 92, 105, 106, 109 
Carmine, 145 
Camaubic acid, 29 
Camaubyl alcohol, 29 
Carotenes, 49-51, 56, 114, 260 
m grasses, 297, 319, 320 
m hay, 315 
in milk, 282 
m silage, 310 
{see aho Vitamin A) 

Carrots, 51, 328 

Casein, 41, 158, 176, 267, 268, 356 
lodinatcd, 363 
Cassava, 12 
Catalyst, 97 

Cattle, digestibility tnals with, 145, 151 
digestion in, 107 
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Cattle energy utilisation by, 173, 
176 

feeding standards for, growth and 
fattening, 231ff 
lactation, 270fr 
maintenance, 2l4fT 
reproduction, 253 
liveweight gam, 235, 237 
mineral requirements of, 247-249 
protein requirements of, 2U-213, 228- 
231, 239-241 

vitamin deficiencies in, 52tf 
(see also ruminants) 

CcUobiose, 6, 13 14, 17 
Celluloses, 17 

Cellulose, 7, 15, 17, 18, 150, 158, 185, 188 
digestion, in fowls, 112 
m horses, 121 
in pigs, 109, no 
m ruminants, 115-118 
in grass, 295, 299, 300 
Cephalms, 21, 30, 31 
Cereal, forage, 303, 308 
grams, 16, 56, 61, 69, 150, 331flr 
hay, 316 

straws, 151, 3211f 
Cerebrosides, 31 
Otyl alcohol, 29 
Chaff, 321, 323 
Chaffing of foods, 150, 151 
Cheese, 28 

Chemical score, 208, 209, 345 
Chick {see poultry) 

Chicory, 299 

ChlonDe,76, 81,258, 259 
m milk, 269 
Chlorophyll, 309 
Chlorpromazinc, 367 
Chlortclracyclmc, 358-362 
Cholamine, 31 

Cbolccalciferol, 53, 54 {see also Vitamin 
D) 

Cholesterol, 32, 246, 263 
Choline, 21, 30, 31, 45, 69, 70, 270 
Chopping of foods, 150 
Chromic oxide, 147 
Chromoprotems, 41 
Chymotrypsm, 105-109 
Chymotrypsinogen, 103, 109 
Cic/ionum utfybus {sec Chicory) 

Qtnc acid, 98 128, 159 
CitruUinc, 134 
Cloaca, 107, 111, 145 
Clostndia, 306 
Clovers, 118, 298, 299, 305 
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Clubbed down, 63 
Cobalamins (see Vitanun B12) 

Cobannide coenzyme, 72 
Cobalt, 72, 76. 88, 89. 121, 297. 298, 300 
Cocaine, 47 
Cocarboxylasc, 61 
Cocksfoot, 295, 298 
Coconut meal, 349 
oil, 26 

CodUver oil, 48, 50, 54, 57, 286 
Cocozyioe A, 66, 67, 98, 100, 125£r 
Coenzymes, 10, 100 
Collagen, 137 
Colon, 107, 109, 121 
Colostrum, 54, 270 

Comparative slaughter techniques, 171, 
198. 220, 234,240 
Compositae, 18 
Comine, 47 

Cooking of foods, 150, 151 
Copper, 76, 86ff 

deficiency symptoms, 86, 93, 265 
in eggs. 258 
vn milk, 270 
m pasture, 87, 297, 298 
m wool production, 247 
sources of, 87 
towaty of, 87, 88, 366 
Copper sulphate, 366 
Cortisol, 266 
Cottonseed, IS 
cake, 84, 344 
meal, 343 

Cow (see cattle and ruminants) 

Crazy chick disease, 58 
Creatine, 126, 226, 267, 268 
Creatinine, 159, 226 
Crop (of fowl), 107, 111, 1J2 
Crude fibre, 4, 5 
determination of, 5 
effect on, digestibility, 149, 150 
milk, 2S5. 286 
starch equivalent, 187 
fermenlaUon products from, 178 

Crudcprotcin,4,200,20l,211,2l4 242. 
247 

as feeding standard. 200 210,213 
components of, 4, 201 
determination of, 4, 200 
digestibility of, ISO 
m milk, 267, 272, 273, 2S9 
Crushing of foods, 150 
Cryptoxanihin, 50, 338 
Crypts of Licberkuhn, 109 
Culled toe para}>'sis, 63 


C^anocobalamin, 71 
Cyaimgenetic glycosides, 12, 91, 350 
Cysteine, 36, 39, 82 
Cystine, 36, 209 

association with methionine, 207, 243, 
245 

in oilseed meals, 345 
in selenium toxiaty, 94 
m wool, 246 
sulphur in, 82 

cytochromes, 85, 98, 99, 125 
Cytosine, 42-^, 138 


Daclylis glomerata {see cocksfoot) 

Daucus carota {see carrots) 

Deanunation, llSff, 133, 211, 212 
Dehydroascorbic acid, 74 
7-Dchydrocholesterol, 32, 33, 54 
Dehydroretinol {see Vitamin Az) 
DeoxynbonucJcic acid (DNA), 42'44 
Dcoxynbose, 42 
Dextrios, 7, 17 
digestion of, 104, 105, 109 
Dhurrm, 12 
Dicoumarol, 60 
Dienoestrol, 363 

DiethyUlilboesirol {see stilboestrol) 
Digwtible crude protein, 202, 210 214, 
228. 231.289 

requirements for, growth, 240, 241 
lactation, 279, 287, 289 
maintenance, 226-231 
Digestible energy, 158, 163, 182, 190 
as feeding standard for pigs, 1 82, 198, 
199, 238, 291 
Digestibility, 144fr 
and intake, 180 
factors affecting, 149ff 
w wtro, 148, 209 
measurement of, I44ff, 202 
of grass, 299, 300 
of hay, 317 
of proteins, 202 
of silage, 312 

Digeslibihly coefficient, 144, 148-151 
Digestive tract, of cow, 107, 114 
of foul. 107, 111 
of pig, 106, 107 
Digestion, 104fr 

energy loss during, 162 
m fowls, 11 Iff 
mhorses, 121, 122 
pigs, 106fr 



INDEX 


395 


Digestion, in ruminants, lUfT, 154 
rate of, 154 
work of, 186, 187 
Diglycendes, 109, 112 
Dihydroxyacetone phosphate, 127, 131, 
140, 141 

Diiodotyrosine, 35, 37, 90 
Dipeptidases, 105, 106, 109 
Diphosphoglyceric acid, 127, 143 
Diphosphopyridine nucleotide (DPN) 
{see nicotinamide adenine dinuc- 
leotide) 

Disacchandes, 6, 13, 14 
Distillers’ grains, 336 
Diverticulum, 111 
DNA {^see deoxyribonucleic acid) 

Draflf, 335 
Dried grass, 318-321 
Duodenal juice, 108 
Duodenum, 107-109 


Early weaning of pigs. 111 
Echinochloa frumentacea (jsee millet) 
Effluent (silage), 311 
Egg, 174 

composition of, 258 
shell, 258, 259 

effect of calcium deficiency on, 77 
effect of manganese deficiency on, 
92 

yolk, 41 

as source of vitamins, 50ff 
Egg production, 257ff 
Egg white injury, 69 
Eijkmann, 48 
Elastasc, 105 

Eleusine coracana {see millet) 

Embdtn and Myerhof pathway, 126, 
140, 142 

Emulsification (during digestion), 109, 
lU 

Enccphalomalacia, 58, 59 
Endergome reactions, 124 
Endogenous unnary nitrogen (see 
nitrogen) 

Endopcptidascs. 105 
Energy, 123tr 
content of body, 234, 235 
conicnl of foods, 156ff, ISlff 
content of U\cv.'eight gain, 235, 237 
digcsublc (see digestible cncri^) 
fixation in plants, 97 
gross (see gross cncrg>) 


Energy, measurement of, I571T, ISlff 
metabolisable (sec metabolisable 
energy) 

metabolism, 123ff 
net (see net energy) 
productive values for poulti^, 198 
requirement for, egg production, 
258 

fattening, 231ff 
growth, 157, 174ff, 236ff 
lactation, 274fr, 283, 284, 287, 289, 
291 

maintenance, 156, 177, 217ff, 263, 
291 

pregnancy, 263ff 
retention, 162, 169, 172 
systems, ISlff 
Enterocrmin, 109 
Enterokinase, 108, 109 
Enzootic ataxia, 87 
Enzymes, 97ff 
action of, 98ff 
denaturation of, 102 
digestive, 104ff 
inhibitors, 101 
in milk, 267 
m plants, 3, 308, 315 
microbial, 115 
nature of, 98ff 
zinc containing, 92 

Ergocalcifcrol, 33, 53 (see also Vitamin 

D) 

Ergostcrol, 33, 54, 297 
absorption of, 114 
Ergot, 341 
Erythromycin, 358 
Escherichia cob, 60, 66, 362 
Essential amino acid index (EAAI), 208. 
209 

Essential amino acids, 35, 38, 137 
importance in protein evaluation, 
200iT. 207, 210, 270 
requirements of pigs and poultry, 
242ff, 259, 260, 293 
Essential fatty acids, 23, 286 
Esterases, 101, 106 
Esters, 21. lOI 
Ether extract, 4, S 
Euglobulin, 263 
Exergonic reactions, 124 
Exogenous unnary nitrogen, 227 
Exopcptidascs, 105, 106 
Exudative diathesis, 53, 59, 94 
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Factorial mctliod of csl, matins, tncrsy ftjlaM pralcims («c meadow fescue) 
requirements. 274. 291 Fingetling. 197, 198 

mtocral requirements, 248, 280 Fischer, 39 

protein requirements, 228, 229, 239, Fish factor, 73 

— Fish meal. 91. 242, 352, 353 


Faeces, 110, 144 
collection of, 144, 145, 149, 159 
minerals in, 152, 24S 
Fasting, katabohsm, 218 
metabolism, 196, 217-222, 263 
Fatal syncope, 58 
Fats, 2, 2lff, 126, 158 
absorption of 109, 112, 113 
analytical constants of, 24-26 
carotene in, 51 
chemical properties of, 27fT 
composition of, 26, 27 
digestion of, 97, 106, 108. 109, 121 
hydrogenation of, 29, 121 
hydrolysis of, 27 
lo liveweight gam, 234-236 
melting point, 24 
metabolism of, 131, 132, 139, 140 
milk, 26, 27. 158, 179, 267ff 
oudation of, 27, 28, 166 
storage of, 170, 172, 175, 184, 237 
synthesisof, 69, 139-141, 175fr.270,282 
taints IQ, 28, 31 

utilisation of, for maintenance, 173, 
174 

for production, I74ff 
Fattening, nsff, 235 
Fatty acids, 2211, 59, no, 131, 266 
absorption of, IO9, 112, 121 
elEciency for fattening, 177 
essential, 23, 286 
m milk fat, 27, 179, 269 
oxidation of, 27, 28, 131, 132 
synthesis of, 139 140 
(see also volatile fatty acids) 

Feather picking, 82 
Feathers. 86 

Feeding standards for, egg production 
2S7ff 

fattening, 231ff 
growth, 231ff 
lactation, 267ff 
maintenance, 2l6ff 
pregnanQr, 26lff 
reproduction, 252ff 
wool production, 246ff 
Feme oxide (as marker), 145 
Femtm, 85 

Fertilisers (nitrogenous), 301 
Festuca orina (we sheep’s fescue) 


as source of, minerals, 78, 79, 81, 91 
vitamin K, 60 

Flavin adenine dinuclcotidc (FAD), 63, 
125fT 

Flavm mononucleotide (FMN), 63, 99, 
100, 140 

Flavoproiems, 63, 85, 100 
Flowmcal, 334 
Fluorapatite, 77 
Fluorine, 76, 77, 95, 269 
Flushing, 255 
Flying bent, 298 
Fodder beet, 324-327 
tops, 304 
Foetus, 261 

Folic aad, 67, 68, 260, 270 
Food, digestibility of, 144ff 
energy content of, 156(f 
energy value of, ISlff 
protein evaluation of, 200Jr 
unit system, 188, 189 
Forbes, E B , 183, 275 
Fonnaideliyde, 307 
Formic acid. 115,307, 309 
Fowl, absorption in, II2 
digestion m, 107, 111, 112 
liveweight gam tn, 235 
utilisation of energy by, 177 
(see also poultry) 

Fraps, 198 
Fries, 275 

Fnictosans (fructans), 7, 1 1 , 1 8, 295, 299, 
301, 309, 310, 330 
Fructose. 8 12, 15, 18, 322 
Fzvetose phosphate, 126, 127 
Fruciosides, 12 
Fuitiancacid, 128, 133, 134 
Funk, 48 
Furan, 9 


Galactans, 7, 11, 18 
Galactolipids, 11, 21, 31 
G^actose, 6, 11, 12, 15, 18, 19, 31 
m milk, 268 
Synthesis of, 142 
Galactosidcs, 12 
Galacturonic acid, 10, 19 

Cay bladder, 109 
Gallates, 29 
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Gallic acid, 29 
Gastric juice, 108, 116 
Gastric mucosa, 105 
Gelatine, 207 
Genistem, 347 
Gizzard, 107, 111 
Gliadins, 41 
Globm, 41 
Globulins, 41 
Glucaric acid, 9 
Glucolipids, 21, 31 
Gluconeogenesis, 175 
Gluconic acid, 9 
Glucosans (glucans), 7, 15ff 
Glucose, 7ff, 31, 158, 166 
as product of digestion, 109 
in glycoUpids, 31 
in milk, 268-270 
m pastures, 295 

in pregnancy toxaemia, 266, 267 
metabolism of, 126ff, 141, 162 
utilisation of, for maintenance, 173, 
174 

for production, 175, 176 
Glucose-l-phosphate, 10, 142 
Glucose-6*phosphatc, 10, 127, 129, 142 
Glucosides, 12 
Glucuronates, 159 
Glucuronic acid, 9, 10, 19, 74 
Glutamic acid, 36, 44, 46, 296, 332 
metabolism of, 133-135, 138 
Glutamic dehydrogenase, 92 
Glutamine, 46, 296 
Glutelins,4I, 337 
Gluten, 337 

Glyccnildebyde-3'phosphate, 126, 127 
Glycerol, 21, 22, 27, 30, 31 
absorption of, 112 
in milk fat, 269 
metabolism of, 131, 135 
production of (dunng digestion), 109 
synthesis of, 140, 141 
Cl>ccrophosphate, 31, 131, 141 
Gljccrosc, 7, 35 
GI>Cinc, 35, 36, 44 
m protein synthesis, 136 
requirement by chick, 207, 243, 244 
245 

GI>cocholic acid, 109 
CljroBcn, 9, 14, 16, 17 
as energy source, 126, 129 
digestion of, 104, 109 
synthesis of, 141 
GI)colipids, 21, 31 
C))-coprotcms, 41 


Glycosides, 11, 12, 201 
Goat, requirements of, 287 
Goitre, 90, 265, 304 
Goitrin, 91 

Goitrogens, 90, 91, 304, 346 
Gossypol, 345, 348 
Gramicidin, 358 
Gramman, 18 
Grammeae, 18, 331 
Grass, 295flf 
dried, 318-321 
mmerals in, 78ff 
vitamms in, 501f 
nutritive value of, 297 
{see also pasture) 

Grass factor, 73 

Grinding of foods, 150, 151, 155, 161, 
285 

Grit. 78 

Groats, 332, 334 
Gross energy, 157, 158 
fate of, 163 
of milk, 274-276, 291 
Gross protein value (GPV), 203, 210, 
211,345 

Groundnut meal, 242, 346 
Groundnuts, 66 

Growth, energy requirements for, 236fF 
energy utilisation for, 178 
feeding standards for, 231fr 
mineral and vitamin requirements for, 
247ir 

protein requirements for, 23911 
Growth stimulating substances, 358fr 
Guanine, 42-44, 138 
Gum arable, 19 
Gums, 7, 10, 11. 19 

Haem, 41, 99 

Haemoglobin, 41, 84, 86, 248 
Haemosidenn, 85 
Hair, 86. 92, 94 
Halibut liver oil, 50, 54 
Hay, 314ir 

Heal, increment of foods, 161-165, 172, 
174, 177, 217. 224 
increment of gestation, 263 
loss from body, 163, 223 
of combustion, 157 
of fermentation, 162, 172, 174, 177 
production, I63tr. 2l7n' 

Hcmtcdluloscs, 6. 10. 15. 18 
digestion of, 109, 112, 116 
in grass, 295, 299 
in Silage. 309 
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Hen (see poultry) 

Hcnncberg, 3 
Herbs, 295, 299 
Hetcropolysacchandes, 7, 10, 12, 18 
Hexoestrol, 363, 364 
Hexosans, 7, 15 

Hexosc phosphate shunt, 129, 141 
Hexoses, 6, 11, 15, 18 
absorption of, 112 
High energy bonds, 128 
Hippunc acid, 159 
Histamine, 45, 309 

Histidine. 37, 38, 41, 45, 207, 245. 293, 
309, 332 
Histones, 41 
Hofmeister, 39 
Hogg, 88 

Holcus lanatus (see Yorkshire fog) 

HqIo enzyme, 100 
Holotrichs, 116 
Hopkins, 48 
Hops. 328, 335, 336 
Hordeum satimm (see Barley) 

Hormones, 252, 363ff 
adrenal, 32 
insulin, 82 
pituitary, 252 
sex, 32 

thyroxine, 35, 37, 90. 143, 248, 363 
Horse, digestion m, 121, 122 
Hydrochloric acid (in gastric juice), 81, 
108 

Hydrogen cyanide, 12, 350 
Hydrogen sulphide, 110 
Hydrolytic rancidiiy, 27 
Hydroperoxide, 27 
Hydroxybutyrate, 266, 268, 269 
Hydroxycobalamin, 72 
Hydroxylysinc, 35, 37 
Hydroxyprohne, 34, 35, 38 
Hydroxyzine, 367 
Hyperkelonaemia, 266, 267 
Hypervitaminosis 74 
Hypocalcaemia, 78, 327 
Hypoglycacinia, 266 
Hypomagnesaemia, 83 
Hypomagnesaemic tetany, 80, 83, 84, 1 13 


Ileum, 107 

Indicators (as markers) 147 
Indole, 110 
Infertility, 52. 256 
Inositol, 73, 270 
Insulin, 82 


International Units, 51, 55, 57 
Intestine, small, lOSfT 
large, 10917 
Intrinsic factor, 70 
Inuhn, 7, 18, 330 
lodinatcd caein, 363 
Iodine, 76, 90, 91 
absorption of, 114 
def^icncy symptoms, 90, 91, 265 
m animal body, 76, 90 
in eggs, 2S8 
m milk, 269 

reaction with polysaccharides, 16, 17 
requirement for egg production, 259, 
260 

requirement for mamicnancc and 
growth, 248 
utilisation of, 248 
Iodine Value, 25, 26 
Iron, 76. 84 ff 
absorption of, 113 
availability of, 152 
dehciency symptoms, 85 
m animal body, 76, 84, 85 
in eggs, 258 
in grass, 297 
in milk, 270 
m pregnancy, 85, 264 
in proteins, 85, 99 

requirement for egg production, 259 
requirement for maintenance and 
growth 248 
sources of, 85 
taints, 28 
utilisation of, 248 
Isocitnc acid, 128 
Isoelectric point, 35 
Isoleucine. 36, 38, 207, 245, 260, 293 
Italian ryegrass, 295, 298 


Jacc47ine, 47 
Java beans, 12 
Jerusalem artichokes, 330 


Kale, 303, 304, 308 
Kapok, 351 
KaUbolism, 123, 156 
Kellner, O , 183-194, 220, 222, 227, 235, 
275. 276 
Kerauu, 40, 246 
Ketoglutanc acid. 128, 133 135 
Ketones, 28, 167, 266 
Ketoruc rancidity, 28 
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Ketoses, 8, 15 
Ketosis, 167 

Kilocalorie, 123, 158ff, 184ff, 219ff. 2581f 
Kjeldahl, 4, 200, 201 
Kuhn, G , 183 

Lactase, 104, 105, 109-111 
Lactation, 267ff 
tetany, 83 
Lacteal, 106, 112 
Lactic acid, 14, 61, 98 
in metabolism, 129 
m rumen, 115, 117 
in silage, 306ff 

Lactic acid bacteria, 115, 308, 309 
Lactic acid dehydrogenase, 98, 129 
Lactoglobulin, 41, 268, 356 
Lactose, 6, 11, 13, 14 
digestion of, 104, 105 
m early weaning, 1 1 1 
in milk, 267fF 
synthesis of 141, 142, 175 
Lamb, carcass composition of, 234 
Lanolm, 30 
Lard, 27 

Large intestine, 10911 
Laurel oii, 23 
Launc acid, 22, 23, 26, 30 
Lecithinases, 31 
Lecithins, 21, 30, 31, 70 
Legumes, 295ff 
Legume, hay, 316 
silage, 308 
straw, 323 

Lcuane, 36, 38, 207, 245, 260, 293 
Levan, 18 

Level of feeding, 161, 180, 193 
Ligmn, 17, 19, 20, 1 10, 116, 1 18, 147, 148 
effect on digestibility, 150 
in grass, 296, 299 
Limestone, 78 
Linamann, 12, 350 
Lmd, 48 

Lmolcic acid, 22-26, 140, 331 
m milk fat, 268 
in rumen, 121 

Linolcnic acid, 22-26, 31, 140 
in milk fat, 268 
m rumen, 121 
Linseed, 12, 24 
cake, 84 

c>anogcnetic gl>cosidcs in, 12 
meal, 350, 351 
mucilage, 19 

Liposc, 27, 97, 105, 103, 109, 112, 113 


Lipids, 2, 2Iff 
classification of, 21 
compound, 21, 30, 31 
digestion of, 121 
in eggs, 258 
m grass, 297 
nitrogenous, 44 
(see also fats) 

Lipolytic hypothesis, 112 
Liver, 3, 113 
copper in, 88, 366 

importance in metabolism, 119, 129, 
133 

secretions, 109 
Liveweight gain, 234-236 
LoUum multifloriim (see Italian ryegrass) 
Lolmm perenite (see perennial ryegrass) 
Lotaustralin, 12 
Lucerne, 18, 60, 302-305 
dried, 321 
hay, 316 

Lysine, 37, 41, 45, 106, 296 
as essential ammo acid, 38, 207 
available, 208-211 
in cereal grams, 331, 332, 339 
m oilseed meals, 345 
requirement, by chick, 243-245, 260 
by pig, 245, 293 

Magnesium, 76, 77, 83, 84, 302 
absorption of, 113 
availability of, 152, 153 
deficiency symptoms, 83, 84 
in animal body, 76, 83 
m eggs, 258 
m grass, 297-299 
in milk, 269 
losses from body, 248 
sources of, 84 
tetany, 83, 84, 113 
Maintenance, 21411 
energy requirements for, 156, 2I7fr 
feeding standards for, 21611 
mineral and > itamin requirements for, 
247-251 

protein requirements for, 2260* 
utilisation of energy for, 172-174 
Maize, by-products, 339, 340 
flaked, 339 

gram, 51, 331. 338, 339 
Malic acid, 128 

MaIon>l coenzyme A. 139, 140 
Malt culms, 328, 33S 
Mallasc, IW, 105, 109-112 
Maltose, 6. 13. 14, 17, 111 
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Maltose, digestion of, 104, 105, 109 
Mammary gland, 261, 267-270 
Manganese, 76, 91, 92 
and reproduction, 257 
deficiency symptoms, 91 
in ammal body, 76, 91 
in eggs, 258 
m enzyme action, 100 
m grass, 297, 299, 300 
m pastures, 92, 297 
requirements for egg production, 259, 

260 

toxicity, 92 

Mangold, root, 324-327 
lops, 304 

Mannans, 7, 11, 18 
Mannose, 6, 11 
Margarme, 29 
Mastitis, 272 
Meadow fescue, 298 
Meat and bone meal, 78, 354 
Meat meal, 354 
Medicago sauia {see lucerne) 

Megacalone, 123 
Melissie acid, 29 
Menadione, 59, 60, 74 
Meoaphilione, 59 

Metallic faecal nitrogen, 149-151, 202, 
204, 205, 22711, 240 
Metabolic livcweight, 219 
Metabolisable energy (ME), 159 165, 
I72tr, I82fr. 214 

calculation from TON, 190, 194, 195 
of poultry diets, 223, 238, 239, 244 
requirements for egg produaton, 258 
utilisation for, fattening, 174fr 
growth, 178, 179 
lactation, 179, 196, 275, 2S7, 289 
maintenance 172 173, 177. 178, 
195 197 

Metabolism, 113ff 
Melhaemoglobin, 296 
Methane, 116, 118, 148, 159-161. 167. 
170 

Methionine. 36, 82, 94 
ascssenlial ammo acid, 38. 207 
assoaaiion with C)-stinc, 243 
aasoaauon wiih gbeme, 243 
available, 209. 211 
in cereal grams, 332 
m oiUced meal, 345 
m w-ooU 246 

rcquifoncnt by chick, 243-245, 260 
tcquifcmenl by pig, 29 J 
Mcth>lmaloD)il coenzyme A, 72, 130 


Milk, 267ff 

byproducts of, 356 ^ 

chemical composition of, cow s, 3, 14, 
267ff 

ewe’s, 267, 269, 289 
goat’s, 267, 269, 287 
sow’s, 267, 269, 290-294 
fat m, 26. 27, 267ff 
mtnecals in, 79, 85, 94, 265, 267, 269 
requirements for production oi, 
267ff 

tamts in, 46, 326 

utilisation of energy for production ot, 
174, 179, 192, 196 
vitamins in, 50ff, 265 
yields, 271, 283ff 
Milk, fever, 77, 283 
Millet, 341 
Minerals, 7517, 180 
absorption of, 113 
avatlability of, 152, 248, 249 
deficiency symptoms, 77ff, 257 
essential, 76 
iQ foods, 297ff, 311, 332 
m grass, 297 
m milk, 265, 267, 269 
losses, 248 

requirements for, egg production, 259 
lactation, 279, 294 
maintenance and growth, 247ff 
toxicity of, 76 

Moisture, dctemunation of, 4 
Molasses, IS, 66, 310, 327, 328 
Moiwia caeruJia {see ilying bent) 
Molybdenum, 76, 93, 94 
in enzymes, 93 
in milk, 269 
in pasture, 297, 300 
toxicity of, 87, 93 
Monoglyccrides, 112 
Monosacchandes, 6fr. 19, 112 
Morphine, 47 
Momson, F B , 183 
Mouth (digestion m), 106 
MuaJages, 7, 11, 19, 350 
Mucin, 41, 112 
Mucosal block theory, 86 
Muscle. 125, 174 
Muscular dystrophy, 57-59, 95 
MjcosCerols, 32 
Myosm. 125 
Myncyl alcohol, 29, 30 
Myncyl palmiiate, 30 
Myrisiic aod, 22. 26 
MyxoxaDlheae, SO 
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Naphthoquinones, 59 (see also vitamin 

K) 

Nardus stricta (sec white bent) 

Neomycin, 358 

Net energy, 162, 182tf, 193, 194, 197. 
300, 301 

determination of, 183ff 
of nutrients, 185 

requirements for, fattening, I91ff 
growth, 236 
lactation, 277 
maintenance, 193, 217ff 
systems for pigs and poultry, 197, 198 
systems for ruminants, 183flL 
Net protein ratio (NPR), 203 
Net protein utilisation (NPU), 206 
Net protein value (NPV), 206 
Neurath, 40 

Nicotinamide, 64, 65, 100 
Nicotinamide adenine dinuclcotidc 
(NAD), 64, 100, 124fr 
Nicotinamide adcnmcdinucleotidcphos" 
phatc(NADP), 64, 100, 127ff. 1 75 
Nicotine, 47 

Nicotinic acid, 64, 251, 270 
Niger meal, 351 
Night blindness, 52, 250 
Nitrate reductase, 93 
Nitrates, 44,46.296, 301 
Nitrites, 46, 296 
Nilritocobalaminc, 72 
Nitrogen, 4, 34, 200flr 
balance, 163, 170, 184, 203-205, 229, 
230, 240, 279 

endogenous urinary, 204, 205, 227, 
228, 240, 246 
exogenous urinary, 227 
faecal, 145, 143, 149. 204, 226 
mctal^hc faecal, 149-151. 204, 205, 
227-229, 240, 246, 279 
urinary, 145, 161, 166, 168, 204,226 
(jre also crude protein) 

Nitrogen free cxtracti\cs, 4, 5 
Non proicm mvrogenous compounds, 
44tr. 119. 120, 201,296 
Nucleic a4.id5, 4Itr. 137-139 
Nuclcopiutcin*, 41 
Nuvlcoudcj, 42 
NuJcotidcs. 43. 137 
Nutnci I ic^uiicmcnii {itc feeJmg 
vUndatdi) 


0-1. It) rres!u-i*.3)2,33J 
3)1034 


Oat, straw, 321, 322 
Oat hay poisoning, 46 
Oesophageal groove, 114 
Oesophagus, 107 
Ocstrogens, 304, 363 
Oil, 21, 26, 27, 185, 297 
extraction of 343, 344 
(sec also fat) 

Oilseed cakes and meals, 343fT 
Oleandomycin, 358 360 
Oleic acid, 22, 26, 29, 30, 331 
in milk fat, 268 
synthesis of, 140 

01igo-I,6-gIucosidasc, 104, 105, 109 

Oligosaccharides, 7, 12, 15 

Oligotnchs, 116 

Olive meal, 351 

Omasum, 107, 114, 116, 117 

Onobrychis satlva (see sainfoin) 

Ornithine, 134 

Orotic acid, 73 

Oryza sativa (see rice) 

Osteomalacia, 55, 77, 79 

Ova, 254-256 

Overfeeding, 255, 256, 265 
Overheating, of hay, 318 
Oxalacctic acid, 98, I28-I35 
Oxalic acid, 113, 304 
Oxalsuccinic acid, 128 
Oxidation, J24fT. 157, 166. 315 
Oxidative decarboxylation, 126 
Oxygen, 1650“ 

Oxyttiracychne, 3SS-36I 

Palatability, 241 
Palmitic acid, 2^ 26, 30, 269 
Palmilolctc acid, 22 
Palmiio-olco-stcann, 23 
Palm kernel meal, 349 
Pancreas, 105, 108 
Pancrcaiic jutcc, 108, 109 
Panieum miUaeeum (see millet) 
Pangamic acid, 73 
Pantothenic acid. 66. 260, 265. 270 
Para ammo bciuoic acid. 68, 102 
Paralcntuiu, 93 
Parath>rotJ gbndi. 77 
PaiDlid glandt, 106 
Parvnipt, 328 
Pariiiit.n ilicisry. 112 
Par/ 1 /u.ii {ue panxii.n) 
Pavtuic. 2:)! f 
rn 'xrah in. 7S f 
{ue tJto ftfx.i) 
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Peat scours, 87 

Pectase, 19 

Peclic aCid, 19 

Pcctic substances, 7, 19 

Pectin, 19, 302 

Pectmic acid, 19 

Pelleting of foods. 161 

PcniaUm, 118, 358-361 

Pemiisetum typhoideum {see millet) 

Pentaraelhylcnc diammc, 309 

Pentanone, 28 

Pentosans, 10, 1 5 

Pentoses, 6. 10. 15, 18. 41, 42, U2, 309 

Pepsin, 101-110,116.202 

Pepsinogen, 108 

Peptide linkage, 39, 138, 162 

Peptides, 39, lOS, 139 

Perennial ryegrass, 298 

Perosis, 70, 92 

Phaeophyim, 309 

Phenol, 29, 110 

Phenylalanine, 37, 45, 106, 138, 293, 


Phosphorus, requirements for, egg pro- 
duction, 259, 260 
lacution, 2S0, 281, 28711 
mamicnancc and growth, 249 
Phosphorylation, 112, 1241T 
Phosphoserinc, 136 
Phosvitin, 41 
Phytose, 80 

Phytates, 79, 80, 113, 153, 259, 332 
PhyUc acid, 79, 113 
Phylosterols, 32, 114 
Pica, 79 

Pig, composition of, 233, 234 
critical temperature of, 224 
digestion and absorption in, lOCIT, 
151 

energy, requirements for, 223, 237, 
238. 291 

systems for. 182, 197, (98 
utilisation by, 176, 177 
feeding standards for, growth, 231ff 
lactation, 290 


309 

as esseotiai ammo acid, 38. 207 
association with tyrosine, 243, 245 
Pheoylethylamine, 4S, 309 
Fhlean, 18 
Phlem, 7, 18 

Phleum pretense {see Timothy) 
Phosphocreatme, 125, 126 
Phosphoenolpynivic acid, 124, I27ff 
Phosphoglycenc acid, 127, 136 
Phospholipids, 21. 30, 70, 268 
Phosphoproteins, 41 
Phosphopyruvic acid 136 
Phosphoric aad, in lipids, 21, 30, 31 
in metabolism, 124S' 
in nucleic acids, 42, 43 
in proteins, 41, 42 
Phosphorus, 76, 70-80 
absorption of, 113 

assoaalion with carbohydrates, 10, 
16, 78 

availability of, 79. 152, 153 
defidency of, 79, 180 
for reproduaion, 257 
m eggs, 258 
m grass, 297 301 
m metabolism, 1241T 
m milk, 267, 269, 279, 287, 289 
mterrelalion with, calcium, 78 
magnesium. 83 
manganese, 92 
vit amin D, 55 
zinc, 93 


maintenance, 216(r 
reproduction, 253(7 
growth of, 232 

growth stimulating substances tor, 
359fT 

liveweight gam, 235 
mineral defiaenoes in, 77(r 
mineral requirements for, 248 
protein evaluation for, 200ff 
projein requirements for 242fr, 293 
vitamin deficiencies in, SBff, 256 
vitamin requiremcats for, 25] 

Piglet, anaemia, 85 
digestion in, 110 
Pigments (m milk), 268 
Pinuig, 88, 89 
Pituitary hormones, 252 
Plantago spp {see plantain) 

Plantain, 299 
Poaii, 18 

Polenske Value, 26 
Polyneuritis, 62 
Polynucleotides, 43 
Polypeptides, 39 
Polysaccharides, 7, 12, 15(7, 295 
digestion of, 108 112, 115 118 
microbial, 117 
Postabsorptive state. 218 
Potassium, 76. 80, 81 
m eggs, 258 
Ui grass, 297 
in milk, 269 

Miterrelationship with magnesium. 80 
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Potassium, losses from body, 248 
Potato, 16, 328, 329, 330 
svhgc, 308, 312 

Poterium sanguisorba (see burnci) 
Poultry, ammo acid requirements for, 
245, 260 

digestibility measurements with, 145 
digestion m, 107, 111, 112 
energy, requirements for, 223, 238, 
239, 258 

systems for, 182, 198, 199 
feeding standards for egg production, 
257ff 

growth stimulating substances for, 360 
mmeral deficiencies in, 77ff 
requirements for, 259 
protein requirements for, 203, 209, 
210, 242fr 

vitamin deficiencies in, S3flf, 256 
requirements for, 251 
(see also fowl) 

Pregnancy, 261fr 
anabolism, 263 
toxaemia, 266, 267 
Procarboxypeptidase, 108, 109 
Productive energy, 198, 239 
Progestogens, 363 
Probne, 34, 38, 44 
Propionic acid, 110, 115, 117 
as energy source, 129-131, 135 
efficiency of utilisation, for mainten- 
ance, 173 

for production, 175, 176, 179 
m silage, 309 

Propionyl coenzyme A, 130 
Prosecretm, 108 
Protamins, 41 
Proteases, 105 
Protein concentrates, 343IT 
Protein efficiency ratio (PER), 202, 345 
Protein equivalent (PE), 211, 240 
Protein replacement value (PRV), 203, 
204 

Proteins, 3, 34{r, 185, 214 
absorption of, 113 
available, 229 
classification of, 40 
denved, 43 

digestibility of, 202, 210 
digestion of, lOSff, 118IT 
evaluation of, 200fr 
in carcass, 234, 235 
in eggs, 253 
m grass, 296 

in liNcweighl gam, 235, 236 


Proteins, in milk, 268 
metabolic faecal, 229 
microbial. 119, 120, 211,212 
oxidation of, 166, 167 
properties of, 40 

requirements of, for egg production, 
259 

for growth, 239 ff 

for lactation, 275, 278, 279, 283, 
284, 293 

for maintenance, 226fr 
for reproduction, 256, 264 
for wool production, 246, 247 
storage of, 170, 184 
structure of, 38 

synthesis of. 119, 135ff, 175, 178, 204 
utilisation of, for maintenance, 173, 
174 

for production, 176 
Proteolytic enzymes, 105, 112 
Protopeclin, 19 
Protopcctinase, 19 
Protozoa, 116, 117 
Proventnculus, 107, 111 
Provitamins, 49, 50, 54 
Proximate analysis of foods, 3-5 
Pseudoglobulin, 268 
Ptendtum aqiiilina, 62 
Pteroylmonoglutamic acid, 67, 68 
PtyaJiD, 108 
Purme, 42, 44 
Putreseme, 45 
Pyran, 8 
Pyndoxal, 65 
IVndoxammc, 65 
iS'ridoxinc, 65 
Pyrimidine, 42, 44 
I^rophosphate, 125fr 
Pyruvic acid, 61, 98, 124fT 


Quinine, 47 
Quinones, 29 


Radioactive isotopes, 76, 152 
Raffinosc, 6, 14, 15, 295 
Rancidity, 27, 28 
Rape, 303 
Rauwoifia. 367 
Rectum, 107 
Red clover, 299 
Rcichcrt-Mcissl Value, 26 
Rennet, 357 
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Rcnnm, 104-106 
Reproduction, 252ff 
Reserpinc, 367 

Respiration chamber, 163, 167-170 
Respiratory exchange, 165-169 
Respiratory quotient, 166, 167, 218 
Reticulum, 107, 114, 117 
Retinol {see vitamin A) 

Rhamnosc, 19 
Rhodopsm, 52 
Riboflavin, 62, 63, 270 
requirements for, 251, 260, 265 
Ribonucleic acid (RNA) 10, 42,43, 1371t 
Ribosc, 10,11,42,62,124 
Ribosomes, 137 
Rice, 331,340 
Ricinme, 47 

Rickets, 48. 55. 77, 79, 260 
Roots, 324fr 


Scrinc,31.36,4l,44, 136 
Sesame, 351 

Setaria halica (see miilci) 

Sheep, digestibility mals ssith, 145, 140, 
151, 152 

digestion by, 11411 

energy, requirements of, 2171i, 264, 
265. 289 

utilisation by, 173, 176 
feeding standards for, growth, 23I1T 
lactation, 287ff 
maintenance, 2161f 
reproduction, 25311 
flushing of, 255 
livcwcight gain, 234-237 
mineral requirements of, 247-249, ^ 
protein requirements of, 226ir, 239u, 
264, 289 

vitamin rcouircments of. 250 


Roy, J H B , 240 

Rumen, digestion lo, 107, IMIT, 154, 174 
protein breakdown to, 119, 211,212 
synthesis of vitamins in, 61, 72, 89 
Ruminants, antibiotics m the diet of, 360 
digestibility measurements with, 144, 
150, 151, 152 
digestion m, 107, lUfT 
energy requirements for, 2l7{f, 261ft 
energy systems for, 182, 183fl 
growth stimulating substances for. 

360, 361 

protein evaluation for, 21 1-213 
protein lequircmcnU of, 228ff, 278ff 
Rye, gram, 340, 341 
straw, 323 

Ryegrass, 18. 300, 301 


Sheep's fescue. 298 
Sidcrophihn, 85 
Silage, 306(1 
Silicon, 269 
Skatole, HO 
Sbm milk, 356 

Small intestine, 105, 103, 109, 117, 119 
Soap, 25, 27 
Sodium, 76,80,81,259 
m eggs, 258 
in milk, 269 
losses from body, 248 
Sodium chlonde, 81, 82, 282, 287 
iodised, 91 

requirements, 259, 281, 282 
toxiaty, 82, 259 

Sodium metabisulphitc, 306, 307 


Saccbanc acid (w glucanc acid) 
Sainfoin, 302 

Saliva, 105 108, 114, 119, 212 
Salivary glands, 106 
Salt {see sodium chlonde) 

Salt peptisability, 212 
Saponification value, 25, 26 
Scandinavian food uml system, 188 
Scleroproteins, 41 
Scurvy, 48 
Seawc^, 14, 91 
Sebacious glands, 246 
Secale cereale (jcc lye) 

Secretin, 108 
Selenium, 76, 94, 95, 269 

interrelation with vitamrn E, 58 59 

toxicity, 94, 350 ’ 


Solamne, 47, 328, 329 
Solanum tuberosum {see potato) 
Sohds-not-fat, 267-273, 283, 289 
Sorghum, 341 
Soya bean meal, 346 
Specific dynamic effect, 162 
Spermaceti, 30 
Spermatozoa, 254-256 
Sphagnum moss, 328 
Sphingomyelins, 21, 30, 31 
Sphingosine, 31 
Stachyose, 6, 15, 295 
Stage of growth (of plants), 299, 310, 
317 

Starch, 9, 14-17, 104, 158, 299, 302 
digestion of, by fowls, 111 
^ypigs, 108, 109 
by ruminants, 114ff, 120 
in cereal grams, 332 
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Starch, in determination of starch 
equivalent, 184, 185, 188 
in potatoes, 328 

utilisation for, maintenance, 173 
production, 176 

Starch equivalent, 16, 18311, 197, 214 
calorific values of, 191, 192 
determination of, 183ir, 194 
of legumes, 303 

requirements for, fattening and 
growth, 192, 236 
maintenance, 191-193, 220-223 
milk production, 192, 276-278. 287 
289 

Steaming up, 264 
Steanc acid, 22, 26, 29, 30, 121 
Sterility, 256 
Sterioisomers, 8, 9 
Sterols, 32, 33, 49, 54 
Stilboestrol, 363, 365 
Stohmann, 3 
Stomach, 107, 108, 114 
Straw, 57, 321flf 
Streptococci, 209 
Streptococcus lacus, 14 
Streptomycin, 358, 361 
Strontium, 76, 95, 96 
Strychnine, 47 
Sublingual glands, 108 
SubmaxiUary glands, 108 
Substrate, 101 

Succmic acid, 115, 117, 127, 128 
Succus entencus, 108, 109 

Succinyl coenzyme A, 72, 127, 128, 130 

Sucrase, 14, 104, 105, 109-112 
Sucrose, 6, 11-15, 18, 111, 295 299 
digestion of, 104, 105 * 

m roots, 324ff 
Sudonferous glands, 246 
Sugar beet, 14, 45, 324-327 
molasses, 327 
pulp, 327 
tops, 304, 308 
Sugars, 7ff 

digestion of, 104tr, 116 
in grass, 295ff 
m roots, 326, 327 
m silage, 308-310 
Sumt, 246 

Sulphamlamidc, 102 
Sulphonamidcs, lOl 
Sulphur, 34, 76, 82, 258 
Sulphur dioxide, 307 
Sunflower meal, 64, 351 
Surface area (of animals), 218 


Surfactants, 367 
Sw-ayback, 87, 265 
Swede, root, 325, 326 
tops, 303, 304 
Sweet clover disease, 60 

Taints, 28, 31, 46. 353 
in milk, 46, 326 
Tallow, 27 

Taurocholic acid, 109 
Tcart, 87, 93, 300 
Temperature, body, 2, 223-225 
critical, 224, 225 
silage, 308 
Tetany, 80, 83, 113 
Tetracyclines, 358-362 
Tetrahydrafohe acid, 136 
Tctrahymena, 209 
Tetrasaccharides, 6, 15 
Thermal equivalent, 166, 167 
Therm, 183 
Thiaminase, 62 

Thiamme, 49, 61 ff, 82, 250, 270 
Thiocyanate, 91 

Threonine, 36, 38, 41, 207, 245, 260, 293 

Thymine, 42, 44 

Thyroglobuhn, 90 

Thyroid gland, 90 

Thyroprotems, 363 

Thyroxine, 35, 37, 90, 143. 248, 363 

Timothy, 18, 298-300 

Tin, 269 

Tocopherols, 29, 56 
(sec also vitamm E) 

Total digestible nutrients (TDN), 151, 
152, 183, 189, 190, 194, 195, 198, 
214 

Trace elements, 84ff 
Tranquillisers, 366 
Transamination, 38, 46, 133, 135 
Transmethylation, 70 
Trefoil, 18 

Trchalase, 104, 105, 109 
Trehalose, 6, 13, 14, 104, 105 
Tricarboxylic acid cycle, 12711, 266 
Tnbutynn, 25 

Tnfohttm pratense (see red clover) 
Trtfalium repens (see white clover) 
Tnglyccndc, 22, 23 
Tnmethylaminc, 31, 46 
Tnolcin, 23 
Tnpalmitin, 25, 166 
Triphospho-p>ndinc nuclcolidc (TPN) 
(see nicotinamidc-adcninc di- 
nuclcotidc phosphate) 
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Tnsacchandcs 6 14 15 
Triticum aestiium {see wheat) 

True protein, 119,201 
Trypsin, 105-109 
inhibitor, 346 
Trypsmogen, 108 
Tryptarmnc, 45, 309 

Tryptophan, 38, 45, 64, 65, 138, 207, 
245, 260, 293, 309 
in cereal grains, 332, 339 
Tubers, 324, 328ff 
Turacin, 86 
Turkeys, 243, 360 
Turnip, roots, 3, 57, 324-326 
tops, 303, 304 
Twin lamb disease, 166 
Tyrairune, 45 

Tyrosine, 37, 45, 90, 106, 207, 243, 245, 
260 

Tyrothncm, 358 

Ubiquinone, 57 
Ultra-violet light, 54, 63 


Vitamtn A-, 50 
Vitamin Di (see Thiamine) 

Vitamin {see Riboflavin) 

Vitamin B complex, 60fr, 243, 267, 270, 
282, 283, 297 

requirements for, egg production, 260 
growth, 251 

synthesis of, m intestine, 121 
in rumen, 115, 121 
Vitamin Bj, 65, 270 

Vitamin Bu. 70-73, 88. 89, 121, 260, 2/0 
m antibiotic residues, 358 
Vitamin C, 73, 74, 114. 267. 270, 319 
Vitamin D, 32, 33, 53ff, 77, 265, 270, 297 
absorption of, 114, 153 
and radiant energy, 54 
chemical nature of, 53 
bypervitaminosis, 74 
m roughages, 316, 320 
metabolism of, 55 
potency of different fonns, 56, 261 
requirements of, for egg production. 


Underfeeding, 255, 264, 283 for lactation, 283 

Uracil, 42, 138 symptoms of deficiency, 55 

Urea, 46, 82, 98. 101, 119 121, 212, 323 Vitamn E, 56ff, 265, 270 


in milk, 267, 268 
ID saliva, 119 

metabolism of, 134, 136, 226 
Urease, 98, 101 
Uric aad, 145 
Uridine phosphate, 142 
Unne, 119, 145, 212 
energy loss ID. 159-161, 166 
minerals m, 80, 81. 248 
Uronic aads, 9, 10, 18, 19 


absorption of, 114 
chemical nature of, 56 
in grass, 297 

interrelations with selenium, 94 
metabolism of, 57 
symptoms of deSciency, 57, 256 
Viumm K, 59fr, 270 
absorption of, 114 
chemical nature of, 59 
bypervitaminosis, 74 


Valeric aad, 117 

Vahne, 36, 38. 138, 207, 245, 260, 293 
Value numbers, 187 
Vetches, 303 
VicianiD, 12 
ViUi, 106. 109, 112 
Vinquish, 88 
Virtanen, A. 1 . 307 
Vilaiiun A, SOff. 265, 270. 297 
absorption of, 114 
chemical nature of, 50 
hypervitammosis, 74 
metabolism of, 52 

requirements for, egg producuon 260 

growth, 250 
lacuiion, 282 

symptoms of deficiency, 52, 256, 264. 


metabolism of, 60 
symptoms of deficiency, 60 
^thesis of, 60, 121 
Vitamins, 3, 48ff 
absorption of, 114 
and energy utilisation, ISO 
availability of, 251 
in cereals, 332 
in dried grass, 319, 320 
in milk, 270 

requiremenls of, for egg production, 
260 

for lactation, 282, 294 
for maintenance ani growth, 250, 
251 

synthesis of, 61ff. 211 
Volatile fatty acids, flO 
absorption of, 112 
m rumen, 117, 188, 275. 286 
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Volatile fatty acids, metabolism of, 125, 
129-132, 139. 140 

utilisation of, for maintenance, 173, 
174 

for production, 175-178 


Water, 1, 2, 258, 267 
in animal body, 1, 234-236 
m foods, 2 
in salt poisoning, 82 
metabolic, 2 
Waxes, 21, 29, 30, 246 
Whale meal, 354 
Whale solubles, 353 
Wheat, gram, 331, 336fr 
by products, 337, 338 
straw, 323 
Whey, 357 
Whey factor, 73 
White bent, 298 
White clover, 299 
White fish meal, 345, 352 
Wood, T B , 188, 193, 222, 223 
Woodman, 277, 284 
Wool, 82 , 174 
mmerals in, 82, 86, 92 
pigmentation of, 86 


Wool, production of, 246, 247 


Xanthine oxidase, 93 
Xerophthalmia, 52, 53 
Xylans, 7, 15 
Xylose, 10, 11, 15, 18 


Yarrow, 299 
Yeast, brewers’, 335, 336 
vitamins in, 61fT 
Yorkshire fog, 298 


Xea mays {see maize) 

Zein, 339 
Zinc, 76, 92, 93 
absorption of, 114 
deficiency symptoms, 92 
m animal body, 76 
in grass, 297 
m milk, 269 

requirement of, for egg production, 
259, 260 
toxicity of, 93 
Zoosterols, 32 
Zwitter ions, 35 
Zymogens, 104 
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